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Foreword 


Never has there been a better time for you to share in 
the space-age adventure of satellite communications. 
From Technician to Extra Class, thousands of ama- 
teurs are discovering the unmatched thrill of OSCAR 
operating. And with the continuous development 

of improved OSCARs, your participation is made 
even easier. 

In numerous amateur stations, the mechanics 
for working exotic OSCAR DX is already present. 
Only the know-how bars many individuals from 
participating. This booklet is intended to supply 
all the basic information you'll need to get started. 
It’s brief, factual and to the point. Even the most 
advanced space concepts have been explained in 
readily understandable terms. 

First appearing as a series in OST, ‘Getting to 
Know OSCAR from the Ground Up” has been praised 
as a guide to satellite operating. We hope that the 
convenience of this booklet will assist you in joining 
those space communicators who have already dis- 
covered OSCAR. Welcome to the space age! 


Richard L. Baldwin, WiRU 


General Manager 
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Space Communication 


Is for Everyone 


Part 71: 


With yet another amateur satellite in the final 


planning stages, there’s no time like the present to tune In 


pomane OQoCARs. 


This five-part series will help you explore 


all you'll need to know about satellite communication. 


iE: Rey. Douglas Millar, WBONST, of 
Rutland, ND, has no difficulty pinpoint- 
ing why he returned to amateur radio 
after a 10-year lapse: “OSCAR more 
than anything got me back,” he recalls. 
“It was one of those bugs that really bit 
me hard.” 

On the other side of the country, 
Fred Merry, W2GN, of East Greenbush, 
NY, had spent half a century as a ham 
before he tuned in to the amateur 
satellites. “OSCAR opened up a whole 
new future in ham radio for me. 1 gota 
big thrill out of it, and to this day, ’'m 
still at it,” he explains. 

When it comes to recounting how 
they became hams or first had their 
interest aroused in a certain aspect of 
their hobby, no two people tell the 
same story. Asked why they got in- 
volved in communication through the 
OSCAR satellites, however, these two 
active radio amateurs from different 
generations and different parts of the 
country tell remarkably similar tales. 


“Tt Must Be Pretty Easy” 


Active for a few years in Los 
Angeles, Doug Millar gradually found 
that competing interests took time away 
from his hobby — until AMSAT- 
OSCAR-7 provided a tailor-made excuse 
to get going again. 

“I came across a Stray in QST that 
listed its orbits, and I just started 
listening at first,” he remarks. “I could 
see that it must be pretty easy, so I 
started getting some equipment to- 
gether.” For the Rev. D. Millar, com- 
munications through the satellites was a 
way to start from the ground up in an 
exciting new aspect of amateur radio. “I 


got the feeling of being in the 21st 
century, and really enjoyed the chal- 
lenge,” he says. 


You can even hear your own signal 
as it comes back through the satel- 
lite. 


Once he got started, the 32-year-old 
minister wasn’t content to sit back and 
enjoy his newly acquired satellite exper- 
tise. “I spent some time thinking about 
how to use it in church work,” he 
explains, “and came up with a whole 
different area” — giving youngsters the 
chance to talk to other parts of the U.S. 
and the world through the satellites. At 
a recent Lutheran youth exposition in 
New Orleans, the Rev. D. Millar taught 
his charges how to help him track 
AMSAT-OSCAR-7. As it rose over the 
horizon, he transmitted while two 
youngsters aimed the antenna. Among 
the more notable contacts were several 
with Third World countries. But, he 
reports, the kids were most impressed 
when they bounced signals off the 
Superdome up to the satellite. 

To provide a broadening experience 
to children in his rural part of North 
Dakota (“It’s 35 miles to the nearest 
stoplight”), he is working with NASA to 
give these young people a chance to talk 
through the ATS-1 satellite, also ac- 
cessible with amateur equipment. 

‘T really enjoy the challenge of 
working the satellite,’ he says, “es- 
pecially QRP days. My signal gets out 
extremely well.” Never one to avoid a 


challenge, the Rev. D. Millar is already 
checking into the modifications he'll 
need to use the next AMSAT-OSCAR 
satellite. Meantime, he will continue his 
educational pursuits through the two 
OSCARs now in orbit. ““That’s one of 
the professional benefits I get from the 
satellites,” he explains. 


Fred Merry Was Ready 


“I had done many things over my 50 
years in ham radio,’ Fred Merry recalls, 
“but DXing and building equipment 
remained my major interests.” As the 
years passed, he graduated from spark 
gap to vacuum tubes, from a-m to ssb. 
By the 1970s, there seemed to be no 
new horizons left to conquer, and 
W2GN’s enthusiasm for his lifelong 
hobby was beginning to wane. 

“Then came the day I read a OST 
article on OSCAR 6 called ‘Are You 
Ready for the Coming DX?’ and I 
realized they were putting up a satellite 
you could actually talk through. That 


While on vacation in Sardinia in August, 
I5TDJ worked 29 countries and four con- 
tinents from this OSCAR station. Eight-year- 
old Philip is at the mic. 
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Fred Merry, W2GN, who after a half century 
as a ham, entered the 21st century via the 
amateur satellites. 


started me off. I got on the first day 
A-0-6 was up,” he remembers. 

As a former telephone company 
employee, Fred Merry had wide ex- 
perience in wire and radiocommunica- 
tion which tied in with some new 
advances in amateur radio. “As each 
came along, I became overzealous,” he 
laughs. But OSCAR was something new, 
a DXer’s dream. The average ham now 
had the opportunity to work previously 
unexplored methods of communications 
which offered great potential. Fred 
Merry jumped right in. 

“For a guy who had been in ham 
radio a long time, this was something 
new,’ he says. “I found it fascinating.” 

He had heard Sputnik 1 on 20 MHz 
(“I got a big kick out of that’’), but 
didn’t take much note of OSCAR until 
the March, 1972, OST article caught his 
attention. AMSAT-OSCAR-6 was 
launched soon thereafter, and W2GN 
soon established himself as a leader in 
the ranks of OSCARphiles. 

Although he has built the world’s 
first mobile OSCAR station and con- 
ducted several unprecedented experi- 
ments with the satellites, the East 
Greenbush, NY, resident says his biggest 
thrill is the personal contacts he s made 
through the OSCARs. “The type of fella 
you speak to seems to be your type of 
guy — you find yourself talking with a 
lot of kindred spirits.” 

Although now approaching his 70th 
birthday, W2GN is looking forward to 
the launch of the new A-O-D satellite 
with as much enthusiasm as one of 
Doug Millar’s kids. 


Most Within Range 


All you’ll need to become one of the 
“kindred souls” on OSCAR is a 10- 
meter receiver and antenna, and a 2- 
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meter transmitter — along with a Tech- 
nician (or higher) license.’ At last 
count, there were hams in more than 
100 nations of the world using OSCAR, 
most of whom are within range of the 
U.S. and Canada. If conditions are right, 
contacts up to 5,000 miles away can be 
made through the satellites. 

Both OSCARs 6 and 7 contain 2- to 
10-meter transponders, which perform 
like land-based repeaters. They take a 
small slice of the 2-meter amateur band 
and translate it exactly to a part of the 
10-meter band. Every signal in the 
uplink passband is reproduced, com- 
plete with original chirps and distortion, 
in the downlink passband. OSCAR 7 
also has a Mode B transponder, which 
alternates daily with the Mode A 2- to 
10-meter transponder. In Mode B, 
OSCAR 7 receives signals on the 70-cm 
band and translates them to 2 meters. 

Although the transponders can han- 
dle several modes, the only ones in 
regular use are cw and ssb. The others 
are less efficient and should not be used 
except for experiments sanctioned by 
AMSAT, the Radio Amateur Satellite 
Corporation. 


Finding the OSCARs 


Now you have to find the satellites. 
Both OSCARs are in similar, sun- 
synchronous polar orbits that bring 
them about 910 miles (1,500 kilo- 
meters) above the earth’s surface. The 
combination of the earth’s rotation 


1The FCC has granted Technicians a special 
authorization to work through OSCAR. 


under the orbit and rapid (15,000 mi/h- 
24,000 km/h) motion of the satellite 
along its orbit puts each OSCAR within 
range of a given spot on earth twice 
each day — the local morning and 
evening. Two consecutive orbits are 
within range both times, providing the 
satellite users a potential of four “band 
openings” each day for each satellite — 
band openings predictable to the 
minute. The only limitations are the 
current transmitting schedules of the 
satellites. These can be found elsewhere 
in this article. 

Accessible for up to 25 minutes at a 
time, signals through OSCAR will be 
within 100 kHz of each other — no need 
to tune over three bands searching for 
the DX. You can even hear your own 
signal as it comes back through the 
satellite, allowing for instantaneous fine 
tuning of your gear. 

You need not be an astrophysicist to 
find the satellites. Creative OSCAR en- 
thusiasts have devised tracking methods 
that will suit just about everyone’s level 
of expertise. One of the more recent is 
the ARRL OSCARLOCATOR, a device 
that allows quick computation of the 
time the satellites will be within range 
of your location, be it any place in the 
Northern Hemisphere. It is available for 
$1 postpaid from the ARRL. 

Another convenient way to find the 
satellites is to listen to the daily bulle- 
tins over W1AW. Other methods that 
have proven valuable include a variety 
of computer predictions (some de- 
veloped by college students) of where 
the satellites will be at a given day, with 


An artist’s conception of AMSAT-OSCAR-7, the most sophisticated amateur satellite in orbit. 
It was built and is continually monitored by a team of international amateur radio operators. 


Table 1 
Spacecraft Frequencies 


SPACECRAFT UPLINK 
A-04 145.900 — 146.000 MHz 
A-O-7 
Mode A 145.850 — 145.950 MHz 
Mode B 432.125 — 432.175 MHz 
Notes : 


DOWNLINK BEACON 
29.450 — 29.550 MHz 29.450 MHz 
29.400 — 29.500 MHz 29.502 MHz 

145.975 —145.925 MHz 145.972 MHz 


1) All date and time references are UTC (formerly GMT). 
2) OSCAR 6 operates Monday, Thursday and Saturday: evenings (ascending passes only) 
3) OSCAR 7 operates in Mode A on odd days of the year, Mode B on even days. Wednesdays 


are reserved for experimental uses. 


4) The Mode B transponder turns ‘upside down.” A signal to the low end of the 70-cm input 
returns on the high end of the 2-meter output, and vice versa. Thus, an upper-sideband 


signal returns as lower sideband. 
5 


~— 


orbits. 


All Mondays have been designated QRP days. Use a maximum of 10 watts of erp on all 


altitude and azimuth values for aiming a 
beam antenna. The Satellabe is a map 
“slide rule” that gives the track of the 
satellite, the time it is within range, and 
both beam headings. 


When to Listen 


The present schedule has OSCAR 6 
turned on for two-way communication 
on Monday, Thursday and Saturday 
mornings UTC (Sunday, Wednesday and 
Friday evenings local time in North 
America). OSCAR 7, which celebrated 
its second anniversary November 15, 
1976, may be used on Mode A on odd 
days of the year (transmitting at around 
29.5 MHz) and on Mode B on even days 
(transmitting at around 145.9 MHz). 
Orbits that fall on UTC Mondays have 
been designated QRP orbits — a maxi- 
mum of 10 watts erp should be used. 


What can you expect to hear and 
work through OSCAR? Satellite users 
inhabit every state and province, and 
more than 100 nations of the world on 
seven continents. The low power and 
simple antennas needed to work the 
satellites makes them ideal targets for 
apartment dwellers and others with 
equipment limitations. 

The telemetry on the 10-meter 
beacons common to both OSCARs tells 
a great deal about the condition of the 
satellite. You can record the Morse code 
numbers at high speed and decode them 
later at a slower speed. By inserting the 
numbers into the appropriate formulas, 
the satellites’ vital life signs can be 
monitored. In this way, the level of 
functioning of the solar panels and 
batteries is kept at peak level. 

By sending a telemetry report to 


These special QSL cards will be sent to persons 
sending telemetry signal reports to AMSAT, 
the Radio Amateur Satellite Corporation, P. O. 
Box 27, Washington, DC 20044. 


AMSAT, Box 27, Washington, DC 
20044, the organization that has over- 
seen the last three OSCARs, you will 
receive a colorful QSL card (as shown) 
as a confirmation of your report. Other 
certificates and awards available to 
OSCAR users include the OSCAR Com- 
municators Club certificate, also from 
AMSAT, and the “Satellite 1000,” or 
DX Achievement Award, from the 
ARRL., 

Whether you are a DX enthusiast, 
avid paper-chaser, or a longtime radio 
amateur like Fred Merry who wants to 
add a new dimension to his hobby, 
OSCAR is for you. Successive articles in 
this series will delve into the basics of 
transmitting and receiving, antennas, 
tracking and the many practical uses of 
the satellites, such as the OSCAR 
Educational Program. fs] 


An OSCAR Glossary 


AMSAT — The Radio Amateur Satellite 
Corporation, a nonprofit organization lo- 
cated in Washington, DC; has overseen 
the development of the last three 
OSCAR satellites. 

AMSA T-OSCAR-6 — The longest-lived ama- 
teur satellite, launched Oct. 15, 1972; has 
been used by more than 3,000 amateur 
stations in more than 100 nations. 

AMSAT-OSCAR-7 — The latest and most 
sophisticated OSCAR; launched Nov. 

15, 1974. 

AOS (see also LOS) — Acquisition of sig- 
nal — the time you can first hear the 
satellites, usually just after they rise over 
the horizon. 

Ascending Node — The point where the sat- 
ellites cross the equator traveling north. 

Codestore — The special system that allows a 
Morse code message to be placed ina 
memory storage unit and automatically 
broadcast with telemetry data. 

Decending Node — The point where the 
satellites cross the equator. traveling 
south. 

Doppler Effect — An apparent shift in fre- 
quency caused by the satellite’s movement 


toward or away from your location. 

Downlink — The frequency at which radio 
signals are received from the satellite. 

ERP — Effective radiated power — trans- 
mitter output after transmission line 
losses, multiplied by antenna gain. 

Inclination — The angle at which the sat- 
ellite crosses the equator. 

Increment — The number of degrees longi- 
tude the satellite appears to move west- 
ward at the equator with each orbit. 
Both satellites have an increment of 
approximately 28.7 degrees. 

LOS (see also AOS) — Loss of signal — the 
time the satellite’s signals pass out of 
range. 

Mode A — The 2- to 10-m transponder aboard 
OSCAR 7. 

Mode B — The 70-cm to 2-m transponder 
aboard OSCAR 7. 

OSCAR — Orbiting Satellite Carrying Ama- 
teur Radio. There have been seven in the 
series and more are being built. 

OSCAR Education Program — A special 
program that brings live demonstrations 
of the satellite to classrooms. Teachers 
use ARRL curriculum materials to ap- 


ply the principles to a wide variety of sub- 
ject areas. 

Pass — An orbit of the satellite. 

Passband — The range of frequencies han- 
dled by the satellite’s transponder. 

Period — The time it takes for a complete 
orbit. Periods of both satellites are ap- 
proximately 115 minutes. 

QRP Tests — Special orbits set aside for op- 
erating through the satellites while using 
a maximum of 10-watts erp. 

Sun-Synchronous — A type of orbit that ap- 
proximates the sun’s apparent movement. 
Because their orbits are approximately sun- 
synchronous, OSCARs 6 and 7 can be 
heard at one location at about the same 
times each day. 

Telemetry Beacon — The transmitters aboard 
each satellite that enable ground stations 
to monitor the satellites’ vital functions. 

Transponder — The repeater aboard the sat- 
ellites (OSCAR 7 has two) that retrans- 
mits signals it receives on another frequen- 


cy. 
Uplink — The frequency at which radio sig- 
nals are transmitted up to the satellites. 
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Getting Started 


Part 2: Whether just listening, or actually sending your voice 
through space, the unique excitement of satellite communication 
is within reach. And it’s a lot easier than you think! 


Mary people are surprised to learn 
that they don’t even need an amateur 
license to get their feet wet with 
OSCAR. In fact, you can make a val- 
uable contribution to the amateur satel- 
lite program — and have a great deal of 
fun doing it — simply by transcribing 
the telemetry data that tell how the 
satellites are functioning. If you do have 
a Technician or higher class of license, 
however, the entire world of satellite 
communications is yours. 

Read on, and you'll be on your way 
to joining the thousands of people 
around the world who listen to, learn 
from — and most of all enjoy — the 
amateur satellites. 


Listen First 


Each satellite continuously transmits 
telemetry data on the state of the 
various satellite systems, and this in- 
formation is vital to proper operation of 
the satellites. All you need to get into 
this program are a 10-meter receiver and 
an antenna. Any 10-meter antenna will 
do, with simple antennas being pre- 
ferred to complex beams. High-gain, 
directional antennas have a relatively 
low angle of radiation and reception, 
and receive poorly during direct over- 
head passes of the satellite. They also 
require directional control during the 
passes — one more thing to worry 
about. A 15-3/4-foot (5.1-meter) dipole 
or even a regular CB antenna is a fine 
antenna for satellite work, as almost all 
reception is direct line-of-sight. 

Sensitivity is the primary concern 
when selecting a receiver. Any receiver 
which covers the upper portion of the 
10-meter band and has a BFO will work, 
but many receivers lack sensitivity in 
this range. A preamplifier may be useful 
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VE7CFX and VE7BPB operate through 
OSCAR during the recent Boy Scout 
Jamboree-on-the-Air. 


in producing Q5 signals. Tune to the 
downlink frequency, which is the fre- 
quency at which signals are transmitted 


Almost any transmitter which puts 
out a signal on the 2-meter band 
can be used to put a signal through 
the satellites. 


from the satellite. (See Table 1.) Then 
disconnect the antenna. If the noise 
level drops, you have sufficient sen- 
sitivity in the receiver. If not, try a 
simple preamplifier tuned to the down- 
link frequency. Hamtronics, Inc., 182 
Belmont Road, Rochester, NY 14612, 
has an excellent and very inexpensive 
kit for this purpose. Janel Laboratories, 
3312 S.E. Van Buren Blvd., Corvallis, 
OR 97330, also sells a fine preamp. 


When to Listen 


When your receiver and antenna are 
ready, the next step is to determine the 
time to listen. As an example, Tables 2A 
and 2B contain selected cities informa- 


tion for the month of February, 1977. 
These are the times the satellite comes 
within range of several major U.S. cities. 
If you are within 500 miles (800. km) 
of this city, you should be able to copy 
signals from the satellite at about the 
listed time. These times are given in 
Coordinated Universal Time (UTC) so 
remember to convert to local time. 
Subtract five hours to convert to East- 
ern Standard Time. That switches the 
times late in the evening to the previous 
day. Subtract six hours to convert to 
Central Standard Time, etc. 

You can also use the OSCAR- 
LOCATOR, available for $1 postpaid 
from ARRL hgq., to determine when the 
satellites will be within range. Finally, if 
you have hf capabilities, you can check 
into the AMSAT nets on Tuesday 
evenings on 75 meters and ask for 
further information. In general, you will 
be able to hear OSCAR 6 in the 
evenings local time on Sunday, 
Wednesday and Friday, and OSCAR 7 
in the mornings and evenings on odd- 
numbered days of the year. 


Telemetry 


The cw telemetry from the satellites 
is sent at 20 wpm, in a regular format 
(see Table 4). The format makes 
copying the code very easy. You can 
even record the code at a high pitch and 
reduce the speed of the tape after the 
pass to lower the code speed to 10 
wpm. The telemetry information should 
be sent to AMSAT, Box 27, Washing- 
ton, DC 20044, on a special telemetry 
reporting form available for a self ad- 
dressed, stamped envelope (s.a.s.e.) 
from the ARRL hq. Each telemetry 
report is important to AMSAT, as each 
contains valuable information on the 
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Fig. 1 — Bargain-basement high-current supply for 12-V linear amplifiers. The battery is 
charged constantly, except during the actual satellite pass. 


state of the satellite, information which 
is necessary to keep the satellites func- 
tioning properly. On request, AMSAT 
will reward your first telemetry report 
with a colorful QSL card. Thanks to the 
volunteer efforts of a large number of 
reporters, OSCAR 6 operated for more 
than five years. Not bad for a satellite 
with a projected lifetime of only one 
year! 

Along with your supply of telemetry 
reporting forms from ARRL, you will 
receive a telemetry decoding chart, so 
that you can monitor the solar-panel 
current drain, the temperature of the 
various satellite modules and many 
other vital statistics. By copying several 
consecutive frames of ‘telemetry, you 
can determine the tumbling rate of the 
satellite, as the solar panels produce 
more: current when the tumbling brings 
them into the sun’s light. You can also 
watch the temperature of the trans- 
mitter module change with use as well 
as many other aspects of live satellite 
operation. Decoding telemetry from a 
satellite passing overhead makes a great 
school demonstration! 


Transmitting 


You’ve listened to a few passes. 
You’ve reported your telemetry infor- 
mation and stations heard to AMSAT. 
Now you're ready to try a two-way 
contact yourself. To transmit a signal 
through the satellites, you need a 2- 
meter transmitter and antenna capable 
of producing about 100 watts erp. Erp 
stands for effective radiated power, 
which is a measure of the apparent 


power level out of the antenna. You can 
determine erp by multiplying the out- 
put (not input) power of the 2-meter 
transmitter times the gain of the an- 
tenna. A 50-watt output transmitter 
into a 10-dB gain antenna results in an 
erp of about 500 watts, well in excess of 
that needed or desirable for operation 
through an OSCAR satellite! 


Equipment 

Almost any transmitter which puts 
out a signal on the 2-meter band can be 
used to put a signal through the satel- 
lites. Old a-m rigs, transverters, even 
2-meter fm transceivers will work. One 
popular unit is the now-discontinued 
Ameco TX62. A. similar unit without 
built-in power supply is the Johnson 
6N2. These combination a-m/cw 6- and 
2-meter transmitters generate about 50 
watts of rf on 2 meters, which is plenty 
for cw OSCAR communications. Both 
units require the use of an external VFO 
or crystal. Another possibility in the 
same power class is the Heath SB500, 
2-meter transverter. Used equipment 
can often be obtained at reasonable 
prices through the Ham Ads in QST or 
at flea markets and swap fests. 

On a more modern level, a number 
of transverters for commercial trans- 
ceivers are now available. They usually 
have a significantly lower output, in the 
order of 5-10 watts, but with a “brick” 
power amplifier, the power level may be 
easily boosted to the necessary level of 
about 100 watts. If you wish to operate 
ssb, be sure the amplifier is designed for 
linear operation. 


Table 2A 
AMSAT-OSCAR 7 


DATE* DAY CITY TIME* 
Feb. 1** Tues. Detroit 0110 
Salt Lake 0305 
3** Thur. Detroit 0103 
Dallas 0256 
4 Fri. New Orleans 0155 
Los Angeles 0351 
5** Sat. Buffalo 0057 
Dallas 0250 
6 Sun. New Orleans 0150 
Los Angeles 0344 
8 Tues. New Orleans 0143 
Seattle 0340 
12 Sat. . Chicago 0133 
Seattle 0328 
13** Sun. New York 0032 
Houston 0225 
14 Mon. Chicago 0126 
Salt Lake 0322 
15** Tues New York 0025 
Houston 0218 
17** Thur. New York 0020 
Houston 0210 
18 Fri Detroit 0114 
Salt Lake 03808 
19** Sat. New York 0012 
Houston 0204 
20 Sun. Detroit 0108 
Denver 0300 
22 Tues. Detroit 0060 
Dallas 0253 
24 Thur. Buffalo 0055 
Dallas 0247 
25** Fri. New Orleans 0145 
Seattle 0347 
26 Sat. Buffalo 0050 
Dallas 0240 
27** Sun. Chicago 0143 
Seattle 0340 
28 Mon. New York 0042 
Dallas 0234 
*A\ll days and times UTC. 
Notes: 


1) Double asterisks (**) follow the dates 
that OSCAR 7 is in Mode B. Listen around 
145.950 MHz. 

2) All days and times are UTC. Refer to 
Time Conversion Chart to find local time. 

3) The satellites are available for two-way 
communication on the days listed. North- 
bound (evening) orbits only are listed. 

4) The satellites pass almost directly over 
the cities listed. Begin listening at the times 
listed. 

5) Since both satellites have a range of 
about 2,450 miles (3920 km), New York will 
be within range of an orbit that brings 
OSCAR directly over Chicago, and vice versa. 
If you live a significant distance south of the 
city listed, begin listening a few minutes early, 
and vice versa. 


Transverters permit ssb operation 
through the satellites as well. A trans- 
verter mixes the low-level output of an 
hf transmitter with a crystal oscillator 
to produce a “model” of the hf signal, 
transposed to a higher frequency. A 
majority of amateur satellite communi- 
cation is still via cw, but the increasing 
availability of ssb 2-meter equipment 
has resulted in more ssb signals on 
OSCAR. In addition to commercial 
transverters, there are several — trans- 
ceivers specifically designed for 2-meter 
sideband operation. Most can be found 
advertised in QST. Again, most of these 
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Table 2B 
AMSAT-OCSAR 6 
DATE* DAY CITY TIME* 
Feb. 3 Thur. Chicago 0100 
Los Angeles 0255 
5 Sat. Chicago 0055 
Seattle 0250 
7 Mon. Chicago 0050 
Seattle 0245 
12 Sat. Houston 0133 
Los Angeles 0328 
14 Mon. Omaha 0127 
Los Angeles 0322 
17 Thur. New York 0022 
Dallas 0220 
19 Sat. New York 0017 
Dallas 0215 
21 Mon. New York 0012 
Dallas 0210 
24 Thur. Chicago 0100 
Los Angeles 0255 
26 Sat. Chicago 0057 
Los Angeles 0252 
28 Mon. Chicago 0050 
Salt Lake 0245 


*A\l days and times UTC. 


rigs have power levels of about 10-watts 
output. The addition of an external 
amplifier will bring the power up to the 
desired level. These power amplifiers are 
usually designed for mobile operation 
and require 12-volts de at up to 10 
amps. Commercial power supplies. in 
this range are quite expensive. One 
solution is to homebrew your own such 
as the Ugly Duckling power supply in 
the November, 1976, issue of QST. 
Using a discarded automobile battery is 
another possibility. If the battery will 
not hold a charge, it is still usable to 
power an amplifier for OSCAR con- 
tacts. The satellite is only in range for a 
maximum of 20 minutes out of every 
two hours, and that leaves plenty of 
time for the battery to recharge be- 
tween passes. 

If you use the circuit in Fig. 1, your 
amplifier battery will be constantly 
charging except during the actual pass. 
Be sure to provide good ventilation for 
the battery as flammable hydrogen gas 
is a by-product of the charging process. 
Check the electrolyte level regularly, 
adding distilled water as needed. This 
system has been in use at WA1WVK for 
several months. The battery was ob- 
tained for the asking from a local gas 
station. 


Two-Meter Antennas 


If the output of your amplifier or 
transmitter is about 100 watts and 
feed-line loss is minimal, a simple omni- 
directional antenna is sufficient for the 
2-meter uplink. A turnstile or a slightly 
tilted vertical (to avoid the loss of signal 
on directly overhead passes) are both 
possibilities. Another is to salvage the 
remains of that 2-meter Yagi that didn’t 
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make it through the last ice storm. The 
first two or three elements mounted 
straight up will provide an adequate 
uplink signal whenever the satellite is 
more than a few degrees above the 
horizon. For the beginner, the best 
advice is to “‘keep it simple.’’ Once you 
have some: operating under your belt, 
you ll have a better idea of what type of 
antenna system is best for you. 
Operating 

Using the selected cities information, 
or the OSCARLOCATOR, find an orbit 
that brings the satellite within about 
1000 km (600 mi) of your station. The 
downlink signal should be loud and 
clear, with some fading due to polari- 
zation shifts. Using the frequency chart 
or the relationship Fag wntink = uplink 
—116.45 MHz, determine the appro- 
priate uplink frequency to give you a 
downlink about 25 kHz in from the 
edge of the band pass. The center of the 
passband tends to get very crowded, 
especially with ssb signals, so it is easier 
to hear yourself if you start out a little 
further from the crowd. But be sure to 
avoid the actual band-pass edges, where 
the telemetry beacon transmits and sen- 
sitivity of the transponder receiver de- 
creases. 

Once you have determined an ap- 
proximate frequency (say 145.925 MHz 
for OSCAR 6) and you can hear the 
satellite downlink in the receiver, tune 
to the appropriate downlink frequency 
corresponding to your uplink. That is 
29.475 MHz in this case. Send a string 
of dits and tune the receiver around this 
frequency until you hear the dits. By 
starting and stopping the dits, you can 
determine which of the downlink signals 
are yours. The downlink frequency as 
determined above is only approximate, 


for reasons we will discuss later, so be 


sure to tune at least plus or minus 10 
kHz looking for your signal. 


Duplex 


Note that satellite operation is full 
duplex. That is, you constantly monitor 
your own signal throughout the trans- 
mission. You always know exactly how 
loud you are, what your tone sounds 
like, and what your downlink frequency 
is. Obviously if you can’t hear yourself, 
nobody else will hear you either! 

Once you have found your own 
signal, start calling CQ. With the equiv- 
alent of full break-in provided by the 
full duplex operation, you can hear 
other stations as they tune up near you. 
The vagaries of propagation and. Dopp- 
ler shift mean that few stations will 
exactly zero beat your signal. But most 
stations will not wait for you to sign to 
begin calling you. You can copy their 
calls simultaneously with your own CQ! 

Satellite conversations tend to be 
brief, as the time any two stations can 


Table 3 
Time Conversion Chart 


EDT/ CDT/ MDT/ PDT/ 
AST EST CST MST PST 


2000 1900 1800 1700 1600 
2100 2000 1900 1800 1700 
2200 2100 2000 1900 1800 
2300 2200 2100 2000 1900 
0000 2300 2200 2100 2000 
0100 0000 2300 2200 2100 
0200 0100 0000 2300 2200 
0300 0200 0100 0000 2300 
0400 0300 0200 0100 0000 
0500 0400 0300 0200 0100 
0600 0500 0400 0300 0200 
0700 0600 0500 0400 0300 
0800 0700 0600 0500 0400 
0900 0800 0700 0600 0500 
1000 0900 0800 0700 0600 
1100 1000 0900 0800 0700 
1200 1100 1000 0900 0800 
1300 1200 1100 1000 0900 
1400 1300 1200 1100 1000 
1500 1400 1300 1200 1100 
1600 1500 1400 1300 1200 
1700 1600 1500 1400 1300 
1800 1700 1600 1500 1400 
2300 1900 1800 1700 1600 1500 
2400 2000 1900 1800 1700 1600 


Universal Coordinated Time (UTC) is the 
time at the zero or reference meridian. Time 
changes one hour with each change of 15° in 
longitude. The five time zones in the U.S. 
proper and Canada roughly follow these lines. 


UTC 


0000 
0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 


talk to each other is quite short. The 
typical contact is an exchange of signal 
reports (somewhat redundant, since you 
can copy your own signal as well as the 
other guy can) and the state or province 
name. A quick 73, and then another 
station will probably start calling you. 
As the satellite passes overhead, you will 
notice a sudden change in the downlink 


x RG-58A/U - RG-59/U 


MATCHING 
SECTION 


PHASING LINE 


RG-59/U FEED LINE 


Fig. 2 — A simple turnstile antenna for 
OSCAR use. Parts A and C are made from 
RG-59/U or RG-11/U coaxial cable. B is made 
from RG-58/U. Dimensions for 10-meter an- 
tenna: A — 56 inches, B — 54 inches, C — to 
reach receiver, D — 16 feet. Mount 8 feet 
above ground. Dimensions for two-meter an- 
tenna: A — 13 inches, B — 13 inches, C — to 
reach transmitter, D — 39.75 inches. Mount 
21 inches above a 45-inch diameter circle of 
metal screen. 


Table 4 
Sample AMSAT-OSCAR 7 Morse Code Tele- 
metry Frame 


HI 180 196 195 196 
296 298 296 245 
365 373 368 341 
442 438 447 448 
548 500 500 544 
600 600 600 650 HI 


A telemetry frame consists of six lines of 
four channels. The word HI precedes and fol- 
lows each frame. The first number of each in- 
dividual measurement refers to the line num- 
ber; the number remaining is substituted into 
the appropriate equation to determine the 
spacecraft’s vital functions. For example, 
the first channel measures total solar array 
current, using the formula 


1, = 29.5 N (mA) 
where NW = 80 


I_ = (29.5) (80) mA 
= 2360 mA 


frequency, without any change in your 
uplink. This is called Doppler shift. 


Doppler 


Just as the tone of a train whistle or 
car horn is higher in pitch as the vehicle 
approaches you, and then suddenly 
drops off as it passes, so the signal from 
the satellite is higher in frequency as it 
approaches you and drops quickly as it 
passes overhead and starts moving away 
from you. The nearer the pass is to an 
overhead one, the more abrupt the 
change. This Doppler effect makes pro- 
longed contacts on the same frequency 
a matter of both stations constantly 
adjusting their transmit frequency as the 
downlink frequency is usually changing 
at different rates for the two stations. 

Because of the greater complexity of 
zero beating another station, it is easier 
to get started in satellite communica- 
tions by calling CQ. After you have 
been worked by the regulars (whom you 
will soon come to know well, as they 
are on almost every pass), you will 
develop the expertise to begin to answer 
CQs. The trick is to zero beat, or at least 
approximate, the other station’s down- 
link, without filling the passband with 
your swishing VFO. 

With a little practice you will learn 
the relationship between uplink and 
downlink with your equipment. When 
you hear a station calling CQ, determine 


Table 5 
AMSAT Nets and Bulletin Schedules 


The following AMSAT Nets meet regularly to disseminate information to newcomers and to 
keep regular satellite users in communication with one another. 


USA-East Coast Net Wednesdays 01002 3,850 kHz LSB Net Control 
W3ZM or W3UN 
USA-Mid States Net Wednesdays 0200Z 3,850 kHz LSB Net Control 
WOCY 
USA-West Coast Net Wednesdays 03002 3,850 kHz LSB Net Control 
W6CG 
International Net Sundays 1800Z 14,280 kHz USB ~—— Net Control 


W3ZM or W3UN 


Bulletins of general interest to those interested in amateur satellites are transmitted reg- 
ularly on OSCAR-6 reference orbits, at approximately 10 minutes after ascending node. 
These bulletins are transmitted on a downlink frequency of approximately 29,490 kHz 
and can be received over most of eastern North America. 

Educational bulletins are transmitted regularly by AMSAT Educational Bulletin Stations 
in North America on even numbered weekdays of the year via the AMSAT-OSCAR 6 
2-to 10-meter transponder. These bulletins, addressed to schools, can be heard on 29.50 
MHz during morning passes having equatorial crossings between 250 and 305 degrees 
W. longitude. 


the approximate uplink frequency to 
bring your signal near his. Then send a 
string of dits to locate your signal. If it 
is five kilohertz above the CQ, move 
down that much (without transmitting) 
and you should be very close. Because 
of the duplex operation, you can make 
minor adjustments to your frequency as 
you answer the CQ. Major frequency 
changes of more than a kilohertz or two 
are best done with the transmitter off, 
however, to avoid disrupting QSOs in 
progress. 

The process takes a little getting 
used to, as does any aspect of operating, 
but practice makes perfect in satellite 
communications as well, and soon this 
procedure will become as automatic as 
tuning up the transmitter. 


Paperwork 


Satellite communication is unique in 
that it gives you plenty of time to 
handle the paperwork chores in between 
contacts. The extraordinary nature of 
satellite contacts results in a modified 
reporting procedure. First, AMSAT 
should be kept informed of all your 
satellite efforts. Their responsibility in- 
cludes all aspects of operating the sat- 
ellites, from scheduling the operating 
time and QRP days to control func- 
tions. To convince government agencies 
they should cooperate in the launching 
of future amateur satellites, they need 


complete records of contacts and re- 


ception reports. Suitable reporting 
forms are available for an s.a.s.e., from 
the ARRL or AMSAT. 


After your first contact through the 
satellite, you may request a handsome 
Satellite Communicators Club cer- 
tificate from AMSAT. Just check the 
appropriate box on the reporting form 
and enclose an s.a.s.e. You can request 
endorsement stickers for each satellite 
as well. 

The QSL procedure is also a bit 
unusual. Filling in the band the contact 
was made on is not as simple as with hf 
contacts. Most OSCAR 6 and 7 mode A 
operators use 145/29 as the frequency 
on the QSL card. Additional infor- 
mation which should be included on the 
card is the satellite number and the 
orbit number. This helps ensure that the 
card will be accepted for the various 
satellite awards. 

AMSAT has established a separate 
QSL bureau for confirming satellite 
(and only satellite) contacts. Merely 
send your cards and a few s.a.s.e.s to 
WAIEHF, Dennis Grindrod, 564 
Stillman St., Bridgeport, CT 06604. 

Amateur satellite communications is 
actually easier to do than describe, as 
you will discover in the middle of your 
second contact. And it introduces you 
to a whole new world of amateur radio. 
So, see you on the next pass! 
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Finding OSCAR: It’s Easy 


Part3: Fifteen years of tracking OSCARs have shown that 
rotatable antennas and orbit plotters can help you put an SY 
signal through space — and back. Try some of these tracking 
devices to get the most out of your satellite work. 


. you've got a transmitter with about 
100-watts output, you won’t have much 
trouble getting your signal to OSCAR. 
If not, youre in the majority — but 
OSCAR is still within reach. The secret 
is erp, effective radiated power. 

A rig rated at 10 watts of ouptut fed 
into a 10-dB gain antenna, for example, 
results in 100 watts of erp. In this case, 
antenna gain compensates for the lack 
of transmitter power. In fact, the great 
majority of commercial 2-meter rigs 
coupled with a standard 7-11 element 
2-meter Yagi make fine satellite ground 
stations. 

Let’s take a specific example. To 
access the 2-10 transponders of OSCAR 
6 and OSCAR 7 with a Kenwood 
TS700A, with its 10-watts output, you 
cam use a linear amplifier to increase the 
output power to about 100 watts, or 
use an antenna with about 10-dB gain. 
Two-meter antennas with 10-dB gain or 
more are common, and at first glance 
this second alternative seems preferable. 


Using the Alliance U-100 as an elevation rotor. 
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But wait. A gain antenna is direc- 
tional; it radiates a stronger signal in one 
direction at the cost of reducing signal 
strength in other directions. This re- 
duced sensitivity in other than the 
desired direction is advantageous for 
minimizing interference, but it necessi- 
tates the use of an antenna rotor to 
work stations in other than one direc- 
tion. In this case, we must point the 


Fortunately, the satellites’ orbits 
are pretty boring. 


2-meter antenna at the satellite through- 
out the pass — no mean trick when 
OSCAR is speeding overhead at more 
than 15,000 mph, going from horizon 
to horizon in just over 20 minutes! 


Round and Round It Goes. . 


Fortunately, the satellites’ orbits are 
pretty boring — or at least predictable. 
They stay in constant orbits, 900 miles 
(1,500 km) above the earth, while the 
earth turns beneath them. Viewed from 
space, each satellite revolution is identi- 
cal to the next; it’s the earth that 
changes position (see Fig. 3). It is this 
feature of the satellites that makes 
tracking not only possible but remark- 
ably easy. In fact, we can plot a 
complete orbit of the satellite with only 
a single piece of information: EQX. 
EQX stands for equator-crossing in- 
formation, and is the time and place the 
satellite passes over the equator from 
south to north. (Each satellite crosses 
the equator twice each orbit, once 
moving northward and once moving 


Fig. 3 — Why is the track of the satellite 
curved? While the orbits of the OSCAR satel- 
lites are straight, the earth turns underneath 
the orbit. This makes the orbit appear to 
curve when viewed from the earth. To see 
this, place a blank piece of paper on a record 
turntable, representing the view of the earth 
from above the North Pole. While slowly 
turning the turntable by hand to simulate the 
rotation of the earth, draw a straight line to 
represent the orbit across the turntable. The 
line will be curved! 


southward. By convention, the north- 
ward crossing is considered to be the 
start of the orbit.) 

Since the period (time of one orbit) 
and increment (number of degrees west 
the satellite appears to move) remain 
constant, we can draw a curved line 
representing the “shadow” cast by the 
satellite on a piece of clear plastic. We 
then line up the start of this path with 
the point on the equator where the 
satellite crosses, and voila! We have the 
complete path OSCAR will take on this 
orbit. Because OSCAR moves at a con- 
stant rate of speed, we can mark the 
satellite track in increments of time, 
corresponding to the number of minutes 
since the satellite passed over the equa- 


Az-el tracking means lots of antenna rotors. 


tor. The exact time and longitude (in 
degrees west) which make up the EQX 
data are provided by WIAW bulletins 
and other orbital predictions. 

The most comprehensive and useful 
of these is the AMSAT-OSCAR Orbital 
Calendar (see photograph), produced by 
Skip Reymann, W6PAJ. Aside from 
complete EQX data as well as scheduled 
special tests and experiments for every 
orbit of both OSCARs 6 and 7 for the 
entire year, it includes tracking and 
telemetry decoding information. The 
calendar is available from W6PAJ, P. O. 
Box 374, San Dimas, CA 91773. Pro- 
ceeds help support future satellites. 

Armed with EQX data and the satel- 
lite track, you can determine beam 
headings to OSCAR with a minimum of 
effort. Although the ARRL OSCAR- 
LOCATOR was not designed to provide 
tracking information, a simple modifica- 
tion of the QTH/Rangefinder circle 
turns the plotter into a rough bearing 
indicator. A bearing from your location 
to some other point on the earth’s 
surface (azimuth) is usually calculated 
in compass degrees. True north is con- 
sidered 0°, a direction due east is called 
90°, south is 180° and due west is 270°. 
Once the QTH/Rangefinder circle is 
properly mounted on a polar map of 
the OSCARLOCATOR, you can use a 
protractor to mark azimuth bearings 
around this circle. Place a dot of India 
ink every 30° around the circumference 
of the circle, and lightly draw lines from 


The W2GFF satellite plotter, centered on 
Hartford, UCT. 


the center of the circle to these points. 
While not strictly accurate (these lines 
should actually curve slightly), this 
procedure provides tracking data suffi- 
ciently accurate for all but the most 
demanding applications. A variety of 
more sophisticated orbital plotters also 
are available; many are designed with 
bearing information in mind, as dis- 
cussed below. 


Up, Up and Away 


Merely pointing your antenna at the 
appropriate point along the track of the 
satellite is not equivalent to aiming the 
antenna directly at the satellite. Instead 
you are pointing at the place on the 
earth’s surface underneath the satellite, 
called the sub-satellite point. The satel- 
lite is actually 900 miles (1,500 km) 
above this point. So you must also 
consider how to elevate your antenna 
above the normal, horizontal position. 

Fortunately, antennas commonly 
used by amateurs do not radiate all the 
transmitted energy in a pencil-thin beam 
along the axis of the antenna. De- 
pending on the gain, type and construc- 
tion of the antenna, it will have a fairly 
wide useful beamwidth. Assuming the 
antenna has sufficient gain to access the 
satellite transponders, this wide beam- 
width is a definite advantage in satellite 
communications, as it simplifies track- 
ing. 

Tilt 

When a satellite orbit crosses only 
the fringe of your rangefinder circle, it 
barely rises above the horizon. On these 
orbits, horizontal (0° elevation) antennas 
used for other 2-meter communications 
work just fine. In fact, for transmitting 
to the 2/10 transponders, a vertically 
polarized beam such as used for 2-meter 
fm work does a fine job without any 
modification. 

For other than horizon passes, satel- 
lite users have found that tilting the 
2-meter antenna so that it points about 
30° above the horizon is all that is 
necessary. The beamwidth of the an- 
tenna provides good coverage for all but 
the horizon and the directly overhead 
passes. In the latter case, the turnstile 
antenna described in Part 2 of this series 
will work well. The 30° tilt will not 
render the antenna useless for terrestrial 
work. In the case of vertically polarized 
fm work, the effects of tilting the 
antenna may not even be noticed, but it 
is sure to generate comment from your 
fellow amateurs! For a lightweight 
2-meter antenna, a new mounting plate 
can be fashioned from 1/8-inch-thick 
aluminum, salvaged from an old rack 
panel. Just drill a set of holes for the 
mounting bolts. The 30° angle of eleva- 
tion is not magical; it just seems to 
provide the best coverage in most in- 
stallations. 


: Saturds 


You can eliminate the need for a 
separate antenna for overhead passes, 
improve the uplink signal when the 
satellite is near the horizon, and leave 
the 2-meter antenna unimpaired for 
terrestrial communications with the 
addition of an elevation rotor. This is a 
rotor mounted horizontally, so that it 
changes the elevation of the antenna as 
it turns. A through-the-rotor horizontal 
mast supports the antenna in a typical 
installation (see photograph). The eleva- 
tion rotor is mounted high enough 
above the azimuth rotor so that the 
back of the antenna does not hit the 
antenna support or roof as it is elevated. 
The elevation rotor can be mounted on 
a piece of aluminum plate fastened to 
the vertical mast with U-bolts. Such a 
mount is commercially available for the 
popular Alliance U-100 rotor. 


Az-E] from Orbital Plotters 


To use the elevation control, you 
need to know the relative elevation of 
the satellite, as well as its compass 
bearing from your station! The OSCAR- 
LOCATOR is a relatively simple device 
for plotting satellite orbits. Several more 
sophisticated (and expensive) devices 
are available which enable the user to 
read directly the correct azimuth bear- 
ing and antenna elevation as the orbit 
progresses. Some calculators also have 
polar projection maps like that used on 
the OSCARLOCATOR, to help users 
visualize where the satellite is at any 
given moment. 

Perhaps the most advanced design is 
the Satellabe, produced by K2ZRO and 
sold by Ham Radio magazine for $7.95. 
The Satellabe, as in the case of the 
OSCARLOCATOR, allows the user to 
simultaneously plot all orbits for a 
particular day, once the reference orbit 
information is known. Less sophisti- 
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A typical az-el computer printout for precise 
tracking. 


cated, but still useful for the advanced 
satellite communicator, is the W2GFF 
plotter (see photograph), available from 
Richard J. Peacock, 9 Andrea Dr., 
Setauket, NY 11785. The price is $4.95 
postpaid. This plotter has a movable 
orbit circle, so the point on the circle 
which corresponds to the number of 
minutes past the hour when the satellite 
crossed the equator may be positioned, 
and the time in minutes may be read 
directly off the scale. Other plotters 
require the user to add the number of 
minutes since equatorial crossing to the 
EQX time. If the communicator makes 
a chart for each orbit, this is no prob- 
lem, but the W2GFF plotter allows the 
user to read off time, azimuth and 
elevation directly from the scale. 
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The ARRL OSCARLOCATOFR,, set up for 
your next OSCAR pass. 
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Another commercial plotter is avail- 


able from K6KSY, Melvin W. Hughes, - 


28017 San Nicholas Dr., Palos Verdes 
Peninsula, CA 90274. This unit is some- 
what similar to the OSCARLOCATOR 
except a polar projection map is not 
included. Antenna elevation ellipses, 
provided for 10-degree increments of 
latitude, enable the user to determine 
the approximate elevation angle. Cost of 
this plotter is $2. 

The ultimate in az-el tracking tech- 
niques involves the use of a computer 
printout or calculator (see photograph). 
Complete programs for determining az- 
el information using the Hewlett- 
Packard HP-65 are available for an 
s.a.s.e. from the ARRL, as is a reprint of 
an AMSAT newsletter article by 
WA3HCN describing computer pro- 
grams for other calculators and micro- 
processors. 


Ready, Get Set, Go! 


Whatever method you use to deter- . 


mine the az-el tracking information, you 
apply it in the same way. Set up the 
plotter or calculate the az-el bearings 
well before the satellite comes within 
range; you'll have no time once the 
action begins! Set the antennas toward 
the point where the satellite will first 
appear over the horizon. When you first 
start to hear the satellite, at AOS 
(acquisition of signal), start sending a 
string of dits as described in Part 2 of 
this series. As the satellite begins to 
move out of the beamwidth of your 
antenna, adjust the beam to point some- 
what ahead of the satellite along its 
path, so that the satellite will move into 
the maximum power region. With the 
full duplex of copying your own down- 
link signal continuously, you can easily 
determine when it is necessary to adjust 
the beam headings. If your 10-meter 
beam is mounted separately from your 
OSCAR uplink antennas, you have to 
adjust the azimuth control of both the 
2- and the 10-meter antennas and the 
elevation rotor (while looking at the 
computer printout of the az-el informa- 
tion) as you use the keyer to send. At 
the same time you'll be adjusting the 
transmitter frequency to compensate 
for Doppler shift and following the 
resultant drift of the other station on 
the receiver and maybe even trying to 
log! That’s a lot of things to do at once, 
and you rapidly become thankful that 
the passes aren’t longer than 20 min- 
utes. 

You will soon get the hang of all 
these adjustments, however, and settle 
down to many a relaxing satellite QSO. 
This procedure can be frustrating for 
the beginner, so simplify your station 
with the use of higher power transmit- 
ters (eliminating the need for precise 
tracking) or fixed 30° elevation 
antennas. You'll really appreciate the 


The az-el antenna mount at WA1SOB. Note 
the two feed lines for circular polarization 
on the 2-meter antenna. 


ease of operation during the always- 
hectic passes. 


A Different Twist 


There are other causes of fading in 
satellite communications than the satel- 
lite moving out of the beam of your 
antennas. Change in signal polarization 
is one of the most important of these. 
We are all familiar with horizontally and 
vertically polarized antennas, and most 
of us have experienced the problems of 
trying to communicate with an amateur 
using the other polarization. The signals 
are usually at least 20-dB down from 
normal! Fortunately, amateurs (and 
almost every other service) have settled 
on standards of polarization: vertical 
polarization for vhf-fm, and horizontal 
for other vhf modes, for example. 


Circular Polarization 


Once we leave terra firma however, 
we lose our reference to what is hori- 
zontal and what is vertical. A satellite 
using linearly polarized antennas may 
not maintain the same relationship with 
the ground as it orbits the earth. As the 
satellite tumbles through space, its an- 
tenna polarization, as seen by an ob- 
server on the ground, will shift from 
horizontal to vertical, causing the re- 
ceived signal strength to vary over a 
wide range. As if this weren’t enough, 
another propagation phenomenon af- 


fects the space communicator. When a 
radio wave travels through the iono- 
sphere, the earth’s magnetic field acts 
upon the ionized region to cause the 
wave to rotate in polarization. The 
polarization of the wave as it leaves the 
ionosphere is constantly changing, re- 
sulting in further fading of the signal. 
This shifting of the polarization is called 
Faraday rotation. Since both satellite 
movement and Faraday rotation cause 
the wave to rotate, an antenna that 
radiates and receives circularly polarized 
waves is needed for optimum results.” 
The construction of circularly polarized 


antennas’ is not difficult, but if a com- 
mercial product is desired, at least two 
manufacturers (KLM and Cushcraft) 
produce them. 

Due to its size, a circularly polarized 
antenna may not be practical for recep- 
tion on 10 meters. Many OSCAR users 
have installed vertical antennas for this 
band, and when the signal received 6n 
their horizontally polarized beam or 
dipole fades, they switch to the vertical. 


Coming Soon 


Now that you’ve gotten your feet 
wet in satellite communications, how 


would you like to: Receive OSCAR QS 
with an inexpensive, hand-held receiver? 
Work DX with an erp of less than 10 
watts? Eliminate the bulky 10-meter 
antenna and preamp? All this and more 
will be covered in the next part, when 
we will cover AMSAT-OSCAR 7 Mode 
B, the 70 cm/2 m transponder. 


Footnotes 


2 * . : 
For an in-depth discussion of such antennas, 


see chapter 12 of The ARRL Antenna 
Book. 
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How to Use OSCAR 7 Mode B 


Part4: What happens to OSCAR 7 every other day? 


What is meant by Mode B? 


Like Dr. Jekyll and Mr. 


Hyde, OSCAR 7 has two very different facets. 
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T.. results really amazed me: 3- 
watts output ssb brought 29 contacts, 
14 states and six countries, in only three 
days!” Thus W9DOR described his ex- 
perience with QRP (low power) in June, 
1976. Other amateurs shared his enthu- 
siasm. “WA4DYL and I contacted ‘each 
other witht as little as 2-watts erp,” 
wrote WA4NKN. “WQEOZ acknowl- 
edged my answer to his CQ while I was 
unintentionally running only 50-milli- 
watts output,’ WB4HQE reported. 

What is particularly exciting about 
these QRP contacts is that they were 
made through AMSAT-OSCAR 7! Even 
a couple of watts proved adequate for 


QRP and OSCAR do indeed go to- 
gether. 


two-way contacts through the space- 
craft during QRP tests run in June, 
1976, and reported in the AMSAT 
Newsletter.° 

QRP and OSCAR do indeed go 
together — if the satellite is OSCAR 7 
and the day is an even-numbered day of 
the year. On those days OSCAR 7 is in 
Mode B, receiving signals on 432 MHz 
and converting them to 2 meters. The 
phenomenal sensitivity of this 
70-cm/2-m transponder has surprised 
even its designers, and makes possible 
regular satellite communications with 
only a few watts of power. 

OSCAR 7 Mode B is by far the 
preferred function by experienced satel- 
lite communicators. It far surpasses 
OSCAR 6 in sensitivity and downlink 


3 Footnotes appear on page 20. 
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AMSAT President Perry Klein, W3PK, 
inspects OSCAR 7 during final testing. 


signal strength, which in turn is superior 
to OSCAR 7 Mode A in the same areas. 
Getting involved in the other half of 
satellite communications, where DX sta- 
tions outnumber stateside users, is actu- 
ally very easy. 


Receiving Mode B 


If you are already active on Mode A, 
the 2- to 10-m transponder common to 
AMSAT-OSCAR 6 and 7, you probably 
have the ingredients to get started in 
Mode B operation. The transverter or 
transceiver which you use for the uplink 
to the 2- to 10-m transponder will also 
receive the 2-meter downlink from 
Mode B. The existing 2-meter antenna 
can complete the receiving half of your 
Mode B station. _ 

Almost any receiver capable of 
tuning the proper segment of the 2- 
meter band will receive the downlink 
signals from OSCAR 7 Mode B. The 


signals are much stronger than those 
from either OSCAR 7 Mode A or 
OSCAR 6. They are so much stronger, 
in fact, that you will wonder if you are 
listening to the same satellite! The Q5 
downlink signals contrast sharply with 
the often weak 10-meter signals from 
the other transponders. 

Even the older 2-meter a-m rigs 
which see little use today can be modi- 
fied to receive the OSCAR 7 Mode B 
downlink. In most cases, the sensitivity 
of the receiver will be adequate for easy 
copy of the satellite. However, these rigs 
do need the addition of a beat-frequen- 
cy oscillator (BFO), as nearly all satel- 
lite communications are cw or ssb. The 
2-meter a-m rigs can often be picked up 
for little or no money at auctions and 
flea markets, and the construction of a 
BFO is within the power of almost 
every amateur. 

If you are using an ssb transceiver or 
transverter for a 2-meter uplink, you 
can copy Mode B downlink signals 
without any modifications. Merely tune 
to the appropriate part of the band at 
the right time, and your receiver will be 
filled with signals. You can use the 
squelch on the Kenwood TS-700A to 
mute the rig between passes. When the 
satellite comes within range, the squelch 
opens: instant satellite communications! 


Mode B Transmitting 


Presently active Mode A operators 
already have the basis for a complete 
Mode B station, with one addition: a 
frequency tripler. A tripler is only suit- 
able for cw operation through the satel- 
lite, as it multiplies the input ffequency 
by some integer including any modula- 


G3IOR (left), AMSAT director, and G3HUL 
put the finishing touches on an inventive 
Mode B antenna. 


tion sidebands. Those commonly used 
for 432 work have an input in the 
144-MHz range with an efficiency of 
about 50 percent. They require no 
outside power source and no switching, 
so they can be left permanently mount- 
ed next to the 432 transmitting anten- 
na, in a weatherproof container. This 
helps to reduce feed-line loss at 432 
MHz. Varactor tripler circuits can be 
found in the ARRL Handbook and The 
Radio Amateur’s VHF Manual. 

One of the simplest ways to generate 
rf in the 435-MHz range is through the 
use’ of readily available fm transmitters. 
There is a wealth of commercial gear 
now on the surplus market, gear origi- 
nally designed for the 450- to 470-MHz 
public-service land-mobile band. Most 
rigs are sufficiently broadbanded to 
operate well in the amateur 70-cm band. 
The addition of a variable crystal oscilla- 
tor (VXO) provides frequency control 
throughout the OSCAR uplink pass- 
band. In a Motorola transmitter, for 
example, the 18-MHz crystals are multi- 
plied 24 times to produce the 432 
output. By varying the crystal frequen- 
cy as little as 1 kHz up and down (a 
change of 0.005 percent) you can vary 
the output frequency throughout the 
50-kHz uplink passband. More active 
crystals will allow a greater frequency 
shift, but any crystal may be varied 
somewhat. Details on variable crystal 
operation for vhf are included in The 
Radio Amateur’s VHF Manual, 2nd 
edition, chapter 6. 

For cw operation, only one other 
modification to the transmitter is neces- 
sary: a keying circuit. Keying the oscil- 
lator is never good amateur practice, 
and at 432 MHz, the resulting chirp will 
pull your signal right out of the satellite 
passband. The chirp is multiplied the 
same 24 times! Depending on the trans- 


mitter used, any stage after the oscilla- 
tor and buffer can be grid-blocked 
keyed. For safety reasons, you should 
use a keying relay rather than placing 
the entire grid voltage across the key 
terminals. Since fm transmitters do not 
normally have biasing for the final 
amplifier, you will need to add a small 
amount of fixed bias to the driver and 
final to cut off current flow in the 
key-up position. 

A simpler project is to modify one 
of the low-power fm transmitting strips 
available from VHF Engineering, 320 
Water Street, Binghamton, NY 13901, 
or from Hamtronics, 182 Belmont 
Road, Rochester, NY 14612. Again, 
“pulling” the crystal oscillator provides 
bandspread. The small companion am- 
plifiers can be keyed to provide a couple 
of watts output on the 70-cm band. 


70-Cm SSB 


Single-sideband operation on 432 
MHz is a little more complicated than 
cw, but well within the reach of any 
interested OSCAR communicator. Com- 
mercial equipment is beginning to be- 
come available, and increased amateur 
activity in this band bodes well for more 
equipment in the near future. The Echo 
transceiver, available from KLM Elec- 
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Mode B antennas make a compact package 
in an az-el mounting configuration. 


tronics* has sufficient output for Mode 
B operation. 

The most popular approach to 432 
ssb today is the use of a transverter. As 
discussed in part 2 of this series, trans- 
verters convert low-level ssb on one 
frequency to another. Transverters are 
available for the 432 range, with inputs 
on 28 MHz or some other frequency. 
Texas RF Communications, 4800 West 
34th Street, Suite D12A, Houston, TX 
77092, imports Microwave Modules’ 
MMT 432 transverter from England. 
This little box accepts 38-MHz ssb or cw 
and transverts it to the 432 range, with 
an output of about 10-watts cw of PEP 
ssb. A single 12-volt power connection 
completes the hookup. As with the 
varactor tripler, the transverter can be 
mounted directly at the antenna to 
reduce losses in the feed line. ARCOS, 
Box 546, East Greenbush, NY 12061, 
also markets a 432 transverter. 

Yet another approach to 432 ssb for 
the do-it-yourselfer is mixing in the final 
of an fm transmitter. The 460-MHz 
transmitters mentioned above can be 
used to generate ssb on 432 by mixing 
28-MHz ssb in the final amplifier. The 
final tank capacitor is retuned to 432, 
which helps to attenuate the other 
mixing product (460 + 28 = 488 MHz). 
As before, a bias supply is needed to 
reduce key-up current flow. Output on 
432 runs about 10 watts. Regulation of 
the crystal oscillator in the transmitter 
helps make for chirp-free operation. 
Thanks to Ben Stevenson, W2BXA, and 
AMSAT Newsletter for this suggestion. 


The Power Problem 


Most of these methods of generating 
432-MHz rf produce a few watts of 
output. Putting this into a small antenna 
will usually provide the 100 watts of erp 
to access the satellite. As mentioned 
above, even a couple of watts of erp is 
sufficient for contacts on QRP days, 
now on “Mode B” Mondays. Sometimes 
you may find that your usually copy- 
able downlink disappears for no appar- 
ent reason. Check the rest of the down- 
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link passband for a particularly loud 
signal. 

The OSCAR transponders divide the 
output power among the users of the 
satellite; the more users, the less. power 
each gets. Very strong signals into the 
satellite receive a disproportionate 
amount of the output power, thereby 
reducing the strength of the other sig: 
nals. Also, very strong uplink signals can 
activate the automatic limiting circuits 
(alc) in the satellite receiver, reducing its 
sensitivity. This combination means that 
strong signals can drive the weaker ones 
from the satellite. 

Accustomed to erps in the range of 
thousands of watts on 432, moon- 
bouncers and other weak-signal vhf 
enthusiasts have the capability of using 
excessive power through the satellite. 
This power level will drive all other 
signals from OSCAR. Other stations 
retaliate by increasing their erp, and the 
battery drain on the satellite increases 
to a dangerous level. This high battery 
drain will put the satellite into “Mode 
D,” or recharge, while shortening the 
useful life of the satellite. 

Running high power through the 
satellites means you have fewer people 
to work, discourages other operators 
from running recommended power 
levels and hastens the demise of the 
satellite. Ina word, DON’T! 


Mode B Antennas 


The strength of the 2-meter down- 
link signals from OSCAR 7 Mode B 
make the choice of an appropriate 
receiving antenna very simple. Almost 
any 2-meter antenna into an adequate 
receiver will capture Q5 signals from the 
satellite. Even a simple ground plane is 
sufficient for overhead passes. The more 
elaborate the antenna, the more accu- 
rately the antenna must be pointed. To 
reduce tracking problems, you may wish 
to use a simple antenna for the Mode B 
downlink. 

If you have circular polarization on 
_the 2-meter antenna for the Mode A 
uplink, you will have to reverse the 
connections to use it for the B down- 
link. In the Northern Hemisphere, the 
Mode A uplink requires left-hand circu- 
lar polarization, while the Mode B 
downlink needs right-hand. Cross polar- 
ization will introduce at least 30-dB 
loss. One way around this is to bring 
both feed lines from the two 2-meter 
antennas down into the shack. The 
circular-polarization harness can then be 
reversed for the different modes. Or a 
separate, less elaborate antenna can be 
used for Mode B reception. 

Did you opt for az-el mounting of 
your 2-meter antenna? If so, the 
432-MHz antenna can be mounted on 
the same horizontal boom as the 2- 
meter antenna. Thus the two antennas 
track together through the az-el gyra- 
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28-MHz input, 35 watts 432-MHz output. 
This transverter will be featured in the 1978 
ARRL Handbook. 


tions. The extra antenna helps to bal- 
ance the system, and the small size of 
the antenna seldom creates a problem 
with the rotor. 

Another point to consider in design- 
ing your Mode B antenna system is 
feed-line loss. At 432 MHz, even 
RG-8A/U type foam-filled coaxial cable 
introduces about 4 dB of power loss per 
100 feet. That means more than half 
your output power is lost as heat in the 
cable, before it ever gets to the antenna. 
So-called uhf connectors, types PL-259 
and SO-239, also introduce impedance 
mismatch “bumps,” resulting in losses 
of up to 0.5 dB each. These add up 
quickly, until your 10 watts of rf in the 
shack are down to only a couple of 
watts at the antenna. 

Putting the transverter or transmitter 
at the antenna is one way around this 
problem. The use of BNC and type-N 
(designed for uhf applications) connec- 
tors will also help to reduce losses. A 
final, rather expensive cure is the use of 
hardline — coaxial cable with a stiff 
solid shield, rather than the braid found 
on RG-8/U. Though hard to work with 
and very expensive, it does have excel- 
lent loss figures, and can compensate for 
very long feed lines in some installa- 


tions. Surplus cable of this type may be 
available from local cable-TV installers. 


Mode B Operating 


Making Mode B contacts is similar to 
making the usual 2 to 10 QSOs. The 


Varactor tripler from 144 MHz to 432 MHz. 


signals are a good deal stronger, and 
often European DX outnumbers the 
US. stations during mid-Atlantic passes. 
Two other aspects of Mode B operation 
make it unique, however. Doppler shift 
on Mode B is nearly three times that 
found on Mode A, as Doppler is a 
function of frequency. You may have to 
search farther from your calculated 
downlink frequency to find your own 
signal coming back from the satellite. 

Another difference is that the pass- 
band is inverted in Mode B. That is, 
lower sideband in the uplink is inverted 
to produce upper sideband in the down- 
link. Increasing the frequency of your 
432-MHz uplink signal will lower the 
frequency in the downlink passband. It 
takes a little getting used to, especially 
right after you have mastered Mode A 
operation, but it will become second 
nature after a few passes. 


Not Only OSCAR 


Your 432-MHz transceiver or trans- 
verter does not have to rest unused 
between Mode B passes. OSCAR 7 also 
transmits RTTY telemetry while in 
Mode A, on a frequency of 435.1 MHz, 
with 850-Hz shift. You should be able 
to copy this beacon without difficulty. 
Hook up your TTY system, and you'll 
have complete, 60-channel telemetry 
reports from the satellite. Be sure to 
send copies of these to AMSAT for their 
monitoring purposes. Watch your anten- 
na polarization, however. The uplink for 
the 70-cm/2-m transponder is right-hand 
polarized in the Northern Hemisphere, 
while the receiving antenna for the 
435.1-MHz beacon has left-hand polar- 
ization. 

The 432 rig can also be used for 
terrestrial communications. A growing 
number of amateurs are joining long- 
time vhf enthusiasts on this band. In vhf 
contests and during enhanced tropo- 
spheric-propagation conditions, the 
432-MHz band becomes highly popu- 
lated. Most activity is centered above 
432.010 MHz. Avoid operation too near 
432.000 MHz where moonbounce ex- 
periments are conducted. 


Coming 


OSCAR is a paper-chaser’s dream. 
There is a wealth of attractive certifi- 
cates available for honoring all levels of 
satellite activity, from your first contact 
to your 50th state. Someday, there 
might even be a satellite DXCC! Addi- 
tional info on these awards, over-the- 
horizon operating and more in the next 


part. ast] 


Footnotes 


° “Special Low Power (QRP) Test,” AMSAT 
Newslenrers Vol. 8, No. 2, June, 1976, p. 


4KLM Electronics, Inc., 17025 Laurel Rd., 
Morgan Hill, CA 95037. 


The Benefits are Yours 


Part 5: Whether working DX, filling walls with operating 
awards, participating in technical experiments or assisting 
the AMSAT field organization, OSCAR communicators 
rarely lack for something interesting to get involved in. 
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he OSCAR bug bit hard after 
hearing OSCAR 7 for the first time,” 
writes Mike Tappan, WBSYCE, of San 
Antonio, TX. “After reading about the 
satellites in the first two OST articles, I 
tuned into the downlink of OSCAR 7 
Mode A using my low-band rig. The 
prediction chart was right on, and I had 
no difficulty copying the satellite. The 
Doppler shift was particularly in- 
triguing. In my financially crippled con- 
dition, I am not shooting for ssb gear 
right away, but I am scrounging up a 
2-meter cw rig, and I'll be on OSCAR 
soon. Fascinating!” 


Your first satellite award will be 
the Satellite Communicator Club 
certificate. 


As Mike — and several thousand 
other amateurs have been discovering — 
little can match the thrill of sending 
your signal through space. The first four 
parts of this series provided all you need 
to know to get hooked into OSCAR. 
In this part we look at what you can do 
with your satellite station, from chasing 
awards to participating in unique space 
experiments. 


OSCAR = Certificate Hunter’s Dream 


Your first satellite award will be the 
Satellite Communicator Club certificate, 
mentioned in part 2 of this series. To 
earn this AMSAT-sponsored award, sim- 
ply report a two-way contact through 
either satellite to AMSAT, P. O. Box 27, 
Washington, DC 20044. A special re- 
porting form for this purpose is avail- 
able from the ARRL. As with any 
“freebie,” a self-addressed, stamped 
envelope (s.a.s.e.) would be appreciated. 
You can even earn ‘‘endorsements” on 
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this award in the form of stickers for 
the two satellites now functioning. 

With your Satellite Communicator 
Club certificate hanging in an honored 
place on your wall, you'll want to set 
your sights on the OSCAR award and 
the Satellite DX Achievement certifi- 
cate. AMSAT sponsors the OSCAR 
award, issued to stations which submit 
confirmations of contacts with 20 dif- 
ferent states, Canadian call areas, other 
countries or a combination of these. 
You should send your cards to AMSAT 
with sufficient postage for their safe 
return; you’ll need them back for the 
other awards. The OSCAR certificate is 
free to AMSAT members, $1 to others. 

The rules for the ARRL-sponsored 
Satellite DX Achievement award are a 
little more complicated. You have to 


Your satellite wallpaper comes in several 
different styles and colors. 


send to the League confirmations of 
satellite contacts totaling 1,000 points 
on the following scale: each new sta- 
tion, 10 pts.; each new country, SO pts. 
and each new continent, 250 pts. Your 
first satellite confirmation nets you 310 
pts.: 250 for the continent, 50 for the 
country and 10 for the station. You can 
earn this coveted award with as few as 
four contacts from four different conti- 
nents — but not everyone lives within 
satellite range of four continents. The 
author did the next best thing: five 
cards from four countries on three 
continents (750 pts. for the continents, 
200 for the countries and 50 for the five 
different stations, total 1,000!). All five 
stations were worked in a single 24-hour 
period one weekend. Nearly 400 Satel- 
lite DX Achievement Awards have been 
issued since number one went to LAIK 
in January, 1973. Stations in more than 
40 countries have already qualified for 
this attractive certificate. As with all 
ARRL awards, the Satellite DX award is 
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available only to ARRL members an¢ 
DX stations. There is no fee for any 
ARRL award, but sufficient postage for 
the return of your cards is required. 

Another certificate well within the 
reach of any North American satellite 
communicator is the 10 Districts 
Award, sponsored by the Lockheed 
Employees Radio Association, W6LS, 
2814 Empire Avenue, Burbank, CA 
91504. The award is issued for con- 
firmed contacts with stations in all 10 
USS. call areas. Send the cards, complete 
with postmark, envelope or bureau 
stamp, to W6LS along with $1 and ask. 
for the special OSCAR endorsement. 
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The Canadian equivalent of the 10 
Districts Award, the WVE Satellite 
Award, is sponsored by the Northern 
Alberta Radio Club. W/VE_ stations 
must confirm contacts with four Cana- 
dian call areas; DX stations (including 
Alaska and Hawaii) need two different 
call areas. Send the cards and 25 cents 
to Ray Nadeau, VEOSF, P. O. Box 52, 
Barrhead, Alberta TOG OEO. 


Ready for the Tough Ones? 


Once you have knocked over the 
easy awards, it’s time to start gunning 
for the big ones — the ones that separate 
the casual OSCAR user from the gung- 
ho satellite communicator. In order of 
increasing difficulty, there are several 
awards issued to satellite DXers: 
OSCAR Sexagesimal Award, Satellite 
Worked All States, CQ DX Award satel- 
lite endorsement and Satellite DXCC. 

An extension of AMSAT’s basic 
OSCAR award, the OSCAR Sexagesimal 
Award is issued to stations confirming 
contacts with 60 or more states, Cana- 
dian call areas, other countries or a 
combination. Once you have earned the 
OSCAR award, you can begin shooting 
for the endorsement stickers. These are 
issued in multiples of 10 after the basic 
20 contacts. At levels of 30, 40 and 50 
states, Canadian call areas, countries or 
mixture thereof, you earn endorse- 
ments. When you reach the magic num- 
ber of 60, you qualify for the OSCAR 
Sexagesimal Award. Only 18 stations 
have earned the Sexagesimal award as of 
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March 1, 1977. Yours can be next.° 

The other ARRL-sponsored satellite 
award is the special satellite Worked All 
States (WAS). The rule prohibiting “re- 
layed” contacts in the normal WAS 
award is replaced by one requiring relay 
through an amateur satellite. Stations to 
the west of the Mississippi have a much 
easier time earning this toughie, because 
of the difficulty of working Hawaii 
from the East Coast. But more on this 
later. As with any satellite award, QSL 
cards should clearly show that the con- 
tact was made through OSCAR, prefer- 
ably with the satellite and orbit number 
identified. 
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A host of regional awards are avail- 
able to active satellite paper-chasers. 
These include the Hawaiian Satellite 
Award, the Washington Satellite Com- 
municators Award and the North Jersey 
DX Achievement Award. Send an 
s.a.s.e. to Stephen Carson, KHO6IHP, 
1624 Kaweleka St., Pearl City, HI 
96782, for full details on the Hawaiian 
award. Tim Blair, WA7FVT, P. O. Box 
2262, Tacoma, WA 98401, distributes 
the rules of the Washington state award. 
The North Jersey award is available only 
to DX stations who work five or more 
NJDXA members via the satellite. 
Neither cards nor fee is required for this 
one. Send the log data to T. Ed Berzin, 


* Footnotes appear on page 25. 


W2MIG, 47 Palisade Road, Elizabeth, 
NJ 07208. . 

Finally, the series of awards offered 
by the JARL can also be earned through 
satellite contacts. For, details, see the 
ARRL Ham Radio Operating Guide or 
write Awards Manager, Japan Amateur 
Radio League, Box 377, Tokyo Central, 
Japan. 


Awards for Super Satellite Operators 


Looking for a real challenge? Try for 
a couple of the most difficult satellite 
DX awards: the satellite endorsement of 
the CQ DX award and Satellite DXCC. 
Neither has yet been won! The former 
requires confirmations from 50 differ- 
ent countries via the satellite, as well as 
qualifying for the basic, hf DX award. 
WA6GLD, P. O. Box 1271, Covina, CA 
91722, will send complete details on 
this award for an s.a.s.e.° The ARRL 
DXCC award for satellite contacts has 
not yet been formally announced. When 
available, it will be the ultimate in 
satellite DX awards. Watch the DXCC 
column in OST for further details. 

Another toughie yet to be earned is 
the satellite endorsement of the Worked 
Ail Continents award, issued by the 
International Amateur Radio Union. An 
s.a.s.e. to the IARU Headquarters Soci- 
ety (ARRL) will bring full details on 
this sought-after award. 

Satellite DXers often pass up the 
many QSL services available, as they 
become preoccupied agonizing over 
their confirmations. Satellite QSLs can 
be sent through the ARRL Outgoing 
DX QSL bureau (see QST for Oct., 
1976, page 51). The AMSAT QSL 
bureau also handles satellite confirma- 
tions. Send your domestic satellite QSLs 
and several business-size s.a.s.e.s to 
AMSAT QSL Bureau Manager, Dennis 
Grindrod, WAIEHF, 564 Stillman 
Street, Bridgeport, CT 06608. The 
bureau also forwards DX satellite QSLs 
for 6 cents each or 20 for $1. 


Working DX via OSCAR 


To earn any of the more difficult 
OSCAR awards, you will need to work a 
considerable amount of DX through the 
satellites. These stations will be near (or 
even beyond!) the maximum range of 
satellite communications, and you'll 
need some special operating practices to 
be consistently successful. 

Your first requirement for satellite 
DX is to gear up your existing satellite 
station for maximum efficiency. Check 
the accuracy of your antenna pointing 
system by searching around the pre- 
dicted direction for maximum signal 
strength. If your tracking system is 
more than a few degrees off, it will 
hamper your DX abilities. Next, check 
the sensitivity of your 10-meter re- 
ceiving system. by listening to the 
OSCAR 6 telemetry beacon on 29,45 


Fig. 4 — The maximum 4,900-mile range of 
the satellites takes in alot of territory. 


MHz. You should have clear and con- 
sistent copy of the beacon right up to 
the predicted LOS (loss of signal) as the 
satellite passes beyond the horizon. 
Many satellite systems benefit from the 
addition of a suitable preamplifier. See 
part 2 of this series for more on 
10-meter preamps. 

When you are confident that the 
receiving half of your OSCAR station is 
working well, examine the transmitting 


portion. Your signal into the satellite 
should be strong enough for consistent 
copy, but not so strong that it reduces 
the sensitivity of the satellite receiver or 
takes a disproportionate amount of the 
transponder output. If your downlink 
signal is significantly stronger than other 
copyable signals, reduce your erp. Re- 
member that changes in polarization 
will cause deep fades for short periods 
of time. Compare your peak signal to 
the others. An erp of 100 watts should 
be sufficient. 

As you try to access the satellite 
when it is near your horizon, you will 
notice your signal is significantly weaker 
than during overhead passes. The dis- 
tance to the satellite is greater, increas- 
ing path loss, and the greater distance 
through the lower atmosphere adds 
additional absorption. Finally, trees and 
other vegetation which have no effect 
on overhead passes may introduce con- 
siderable attenuation in signal strength 
on passes close to the horizon. If you 
can still copy the beacons consistently, 
but your own signal fades before LOS, 
you may benefit from a slight increase 
in erp. Remember to use this additional 
power (up to about 300 watts erp) only 
on DX passes and to reduce power to 
normal levels for overhead passes. Ex- 
cessive power is probably the greatest 
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Fig. 5 — Satellite-to-satellite links are possible out to a separation of 5000 km. 


single factor in shortening the useful life 
of the satellites. 


Who Can You Work? 


Your maximum range in any satellite 
communications is determined by the 
height of the satellite. For OSCAR 6 
and OSCAR 7, at an altitude of approxi- 
mately 910 miles (1,500 km), maximum 
range — with the satellite directly be- 
tween you and your contact — is about 
4,900 miles (7,800 km). You can draw a 
circle on a map to show what falls 
within this range, as Fig. 4 shows for 
Hartford, CT. All states except Hawaii, 
all of Canada, parts of six continents 
and well over 100 countries. fall within 
range. Of course, not all these areas have 
active satellite communicators, and the 
small section of Asia within satellite 
range makes Worked All Continents 
difficult, but at least there are plenty of 
DX possibilities. 


Over-the-Horizon DX 


It is even possible, under some cir- 
cumstances, to work stations beyond 
the ‘““maximum range.” Extended propa- 
gation on 10 meters is relatively com- 
mon, especially in the summer months, 
and you can often copy the satellite 
long after predicted LOS. For two-way 
communication, however, you will need 
some sort of extension of the 2-meter 
uplink as well. Tropospheric ducting is 
the most common form of long distance 
propagation and helps make Worked All 
States possible for East Coast stations. 
Over-the-horizon satellite contacts are 
handled in a similar manner to meteor- 
scatter skeds. Instead of waiting for the 
next “shower,” satellite DXers pore 
over orbital crossing data, looking for 
orbits exactly midway between the two 
stations. Every 36 days, for example, 
OSCAR 7 is properly situated for East 
Coast/Hawaii contacts. Again, as in 
meteor-scatter and moonbounce com- 
munications, the exact time, frequency 
and calling sequence are predetermined, 
carefully aligned around the very short 
‘window’ when the satellite is in exact- 
ly the right location. Patience is more 
than a virtue in this work; it is a 
necessity. Persistence pays off, however, 
as demonstrated by several East Coast 
WAS award winners and G3IOR’s re- 
markable achievement of contacting 
W6CG (a distance of more than 5,600 
miles). 

In actual, over-the-horizon satellite 
DXing, an erp of greater than 100 watts 
is acceptable, and even essential, for 
consistent results. This power should 
only be used, however, when the satel- 
lite is no longer in direct line of sight 
with your station. Be sure to turn the 
amplifier off during overhead passes. 
Again, as in meteor scatter, unscheduled 
contacts add additional excitement to 
this form of DXing. You may hear 
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stations calling, “CQ LOS CQ LOS.” 
They’re looking for over-the-horizon 
DX; give them a clear frequency. You 
might be in that position soon! 


The QRP Challenge 


Satellite DXing is not for everyone; 
some of us prefer a more casual ap- 
proach. There is one regular feature of 
satellite operating which has nearly uni- 
versal appeal: QRP (low-power) days. 
As of March 1, 1977, UTC Mondays 
have been reserved for OSCAR QRP. 
This includes both Mode A and Mode B 
on OSCAR 7 and the ‘“‘on”’ (ascending) 
orbits of OSCAR 6. On these orbits, 
AMSAT asks all stations to use 10 watts 
or less erp. Note that this is erp, not 
output power. Try it — you'll be 
amazed at the results. So long as higher 
powered stations are not reducing the 
sensitivity of the satellite receiver, nor 
claiming the hog’s portion of the output 
power, even the weakest stations are 
QS. 

Mode B operators have been en- 
joying QRP for some time, but even 
OSCAR 6 has the sensitivity to relay 
signals of less than 10 watts erp. Imag- 
ine a hand-held satellite ground station! 
It’s within the realm of possibility on 
QRP days. This same low power would 
be equally effective every. day if all 
stations used the minimum power neces- 
sary for all contacts. Perhaps we'll see 
QRO (high-power) days in the near 
future; one day a week for those sta- 
tions running more than 10 watts erp! 


Experiments in Space 


For the technically inclined, two 
regular features of satellite operations 
should be of interest. Every UTC 
Wednesday, OSCAR 7 is reserved for 
special experiments, coordinated by 
AMSAT Vice President of Operations, 
Rich Zwirko, K1HTV. Past experiments 
have included sending electrocardio- 
grams from a moving vehicle to a 
hospital thousands of miles away (see 
page 42). Canadians have used OSCAR 
for emergency transmitter location, 
such as in the case of a downed 


aircraft. Also, OSCAR is the only 
amateur band where _ eight-level, 
computer-style teletype (ASCII) is 


permitted, under special authorization 
from the FCC. If you are interested in 
having a computer linkup via amateur 
satellite, or have some other special 
experiment in mind for OSCAR 7, 
contact KIHTV, 36 Sweet Birch Drive, 
Meriden, CT 06450. 

Another unique aspect of satellite 
operation that has created quite a bit of 
interest is the twice-yearly linking ex- 
periments. Since OSCAR 6 and OSCAR 
7 are in slightly different orbits, OSCAR 
7 overtakes and passes its predecessor 
about twice each year. When the satel- 
lites are within a few hundred miles of 
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Table 6 
OSCAR DX Leaders Compiled by SP9DH 


STATION POINTS CONTINENTS COUNTRIES STATIONS BESTDX DISTANCE 
KIHTV 25,000 4 78 2000+ - 4,650 
G31OR 15,250!5 80 960+ W6CG 5,600 
G6RH 14,670 5 63 1127 W7SFA - 
DL8DF 129005 53. 900 FY7AS 4,900 
OK3DDI 11,910 4 72 731 ZE7ISX 4,700 
SP9DH 10,600 4 59 665 W8DX 4,500 
OH2RK 9,700 4 54 500 = - 
YO21S 9,560 4 51 601 VE3BNO 4,700 
WwsDX 9,000 5 55 500+ = = 
PA@LO 8,000 5 35 500+ = = 


(Points based on the ARRL Satellite DX Award scoring system. Distance in miles.) 


each other and OSCAR 7 is in Mode B, 
a double satellite relay is possible. The 
432-MHz uplink to OSCAR 7 is trans- 
lated to 145.9 MHz, which is in turn 
picked up by OSCAR 6 and relayed to 
ground stations at 29.45 MHz. (See Fig. 
5.) The first OSCAR link tests in 1973 
comprised the first free access satellite- 
to-satellite relay in the history of space 
flight — another communications first 
for amateur radio! The W6PAJ AMSAT 
Orbital Calendar gives the dates of these 
link experiments. AMSAT will provide 
further details on these tests. 

Those of us who are not experi- 
menters or electrical engineers can still 
perform a valuable service by carefully 
monitoring the satellites during these 
tests. Exact signal strengths, fading 
characteristics, telemetry data and other 
information sent to AMSAT help evalu- 
ate the projects. This information can 
then be used to justify further experi- 
mentation or modifications to future 
satellites. 

Even the casual OSCAR communi- 
cator can make a real contribution by 
helping to investigate a few of the 
unexplained anomalies of OSCAR 
operation. OSCAR 7 Mode A seems to 
“thear’”’ particularly poorly when it is to 
the south of the transmitting station. 
The downlink signal strength increases 
dramatically as the satellite passes over- 
head. Frequent monitoring of these 
signal strengths is necessary to help 
design this problem out of future 
OSCARs. OSCAR 7 also experiences 
unexplained mode changes. AMSAT 
needs many more telemetry reports 
before, after and hopefully during the 
mode shifts to diagnose the problem. 
Finally, several stations have reported a 
‘reverse Doppler” effect on _ the 
435-MHz beacon of OSCAR 7. The 
apparent frequency of the beacon in- 
creases as it drops below the horizon, 
the opposite of the predicted effect. 
Anyone with a well-calibrated receiver 
can help AMSAT and the rest of the 
scientific community explore this puz- 
zling phenomenon. Any takers? 

As with any amateur activity, satel- 
lite operating and coordination requires 
the volunteer assistance and dedication 


of large numbers of amateurs through- 
out the world. A well-coordinated net- 
work of hams operates command sta- 
tions which turn the OSCARs on and 
off, acts as bulletin stations for both 
regular satellite bulletins and special 
educational demonstrations and runs hf 
satellite nets. Randall Smith, VE3SAT, 
is the volunteer command station opera- 
tor for eastern North America. Randy’s 
completely automated station, operated 
by a microprocessor, provides con- 
tinuous control over the satellite while 
it is over this part of the world. Other 
command stations dot the globe. 

There are many nonoperating volun- 
teer jobs in the satellite “field organiza- 
tion.” Almost every state and many 
countries have AMSAT Area Coordi- 
nators, who disseminate information 
about the satellites, arrange for conven- 
tion and hamfest speakers and demon- 
strations, and help spread the word 
about satellite operating problems or 
schedule changes. These volunteers are 
always looking for assistance in these 
projects. Drop a line to your area 
coordinator offering your services. Con- 
tact KIHTV or ARRL for names and 
addresses of the coordinators. 


A-O-8 and Phase III on the Way 


As the battery and temperature 
problems of February, 1977, have 
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Fig. 6 — The greater the distance between the 
stations, the shorter the possible contact 
period. 
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Fig. 7 — Phase III Satellite: The start of 
worldwide satellite DX. 


demonstrated, OSCAR 6 and OSCAR 7 
will not last forever. AMSAT-OSCAR 8, 
a replacement for A-O 6, has a 2-meter 
to 10-meter transponder similar to 
OSCAR 6 and OSCAR 7 Mode A. It 
also carries a 2-meter to 70-centimeter 
transponder, designed and built by a 
team of Japanese amateurs. 

Uplink frequencies will be com- 
patible with present satellites. The 2 to 
10 transponder will be on exactly the 
same frequencies as OSCAR 7 Mode A, 
and the JAMSAT transponder will have 
an uplink of 145.9-146.0 MHz. The 
inverted downlink will fall between 
435.1 and 435.2 MHz, with a beacon on 
435.095 MHz. Watch for further details 
in OST. 

The ultimate amateur satellite — 
AMSAT-OSCAR Phase III — is rapidly 
becoming a reality. A high-power satel- 
lite with an internal solid propellant 
rocket motor, the Phase III satellite is 
scheduled for launch in 1979 by the 
European Space Agency. The internal 
motor will push the satellite into a 
highly elliptical orbit peaking high 
above the Northern Hemisphere. The 
greater altitude of the orbit will signifi- 
cantly extend its useful range — nearly 
the entire Northern Hemisphere will be 
accessible. At the same time, the space- 
craft’s reduced velocity will extend the 
time it will be within range of a given 
station to as much as 20 hours per day. 
As you may have guessed, the DX 
possibilities will be tremendous. Satel- 


20 -30,000 MILES 


Fig. 8 — The highly elliptical orbit of the 
Phase III satellites will greatly extend the 
range and operating time. 


lite DXCC look out! A series of articles 
on the Phase III satellites can be found 
beginning on page 30. 


Footnotes 


>In 1977 AMSAT announced the Centennial 
award, with the same rules, for 100 
appropriate contacts. G3IOR, W2CL and 
W2RS were the first to win this award. 

®The cw award number 1 was finally earned 
by Ray Soifer, W2RS. The ssb award has 
not yet been issued. 
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The OSCARLOCATOR 


The OSCARs are up there someplace. 


Find them quickly with 


this handy device, available now from ARRL ha. 


fe waiting, intently listening to 
the receiver hissing with the silence of 
the 10-meter band. Suddenly, signals 
explode from the band — frantic CQs, 
cw signals drifting like a passing train, 
creaky sidebands and the steady dit- 
dahs of the telemetry beacon. OSCAR 
— Orbiting Satellite Carrying Amateur 
Radio — is headed your way. 

How do you go about pinpointing a 
tiny metal box speeding 910 miles 
above the earth at 16,000 mph? Enter 
the OSCARLOCATOR. 


Available Now 
Based on the original design of Kaz 
Deskur, K2ZRO, the OSCAR- 


BCS: 


As it comes from the envelope, your very own 
OSCARLOCATOR. 
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LOCATOR lets you predict when both 
active satellites will be within range of 
any location in the Northern Hemisphere. 


The Orbital Track across the Orbit 
Finder shows the exact path of the 
satellite. 


It consists of three parts — a polar 
projection of the earth and two circles 
on an acetate sheet. The larger circle, 
with numbers around its circumference, 
is the Orbit Finder, and the smaller is 
the QTH/Rangefinder. Centered on 
your location, the Rangefinder shows, 
appropriately enough, the  satellite’s 
range. The larger Orbit Finder is posi- 
tioned over the map and turned so that 
the number 0 is on the longitude of the 
equator crossing for the day you are 
listening. Equator-crossing data (time in 
UTC and place in longitude west) are 
provided with the OSCARLOCATOR, 
or they may be copied from WIAW 
bulletins. 

The Orbital Track across the Orbit 
Finder shows the exact path of the 
satellite; where the track intersects the 
QTH/Rangefinder circle, OSCAR will be 
within range. A scale along the track 
indicates the amount of time in minutes 
after equator crossing that the satellite 
will be accessible. 

That’s all there is to it. Complete 
directions are included with the device, 
and are also given below. Table 1 gives 
both satellites’ uplink, downlink and 


telemetry frequencies, as well as their 
present operating schedules. 

Anyone with a 10-meter receiver and 
simple antenna can copy frenzied QSOs 
via satellite up to 5,000 miles away; 
North Americans commonly work 
Europe, Hawaii and South America 
through OSCAR, vying for the Satellite 
DX Achievement Award. Telemetry re- 
port forms available from the ARRL, 
help AMSAT (the Radio Amateur Satel- 


To assemble, cut out the two circles and tape 
the smaller QTH/Rangefinder (B) over your 
location on the map (A). Fasten the Orbit 
Finder (C) to the North Pole with a pin or 
expansion clip and you're ready to track the 
satellite. 


Let's illustrate an example. Say you want to 
determine what time OSCAR 7 will be in 
range of Chicago on the evening of December 
16. The Reference Orbit Table enclosed 
with the OSCARLOCATOR gives the 

EQX time of 0139 UTC and 74.6 degrees 
for December 17. (For evening passes, use 
the next day’s Reference Orbit information.) 
Turn the Orbit Finder until the “1” is lined 
up with that longitude and you “O"’see the 
track passes almost directly overhead. Use 
the Time Conversion Chart to figure local 
time — 7:39 P.M. Add to this time the num- 
ber on the Orbital Track scale where it first 
intersects the QTH circle (2 minutes), 

and you will have the time to start listening 
(AOS) — 7:41 P.M. The scale indicates 
that OSCAR 7 will pass out of range 

(LOS) on that orbit 23 minutes later, at 
8:04 P.M. 


lite Corporation) monitor their vital 
signs. 


Using the O9CARLOCATOR 


1) Follow assembly directions. 

2) From the Reference Orbit Sched- 
ule enclosed with the device or from 
W1AW bulletins, determine the time 
and longitude for the reference orbit of 
the day you want to listen or transmit. 
For an evening pass (local time in North 
America), the time in UTC is the fol- 
lowing day. 

3) Position the “0” on the Orbit 
Finder at the EQX longitude and you'll 
have that orbit’s track. 

4) For the following orbits, move 
the Orbital Track to the successive 
numbers on the Orbit Finder. Since 
each orbit takes about 115 minutes, the 
next EQX time will be that long after 
the previous one. An easy way to figure 
it is to add two hours and subtract five 
minutes. 

5) To determine the exact time you 
can first hear the satellite (known as 
“AOS,” acquisition of signal), add the 
number on the Orbital Track where it 
first intersects the Rangefinder circle to 


OSCARLOCATOR 


The next pass should also be in range of Chi- 
cago. Note the longitude of the ‘’1’’ (the 
second-orbit EQX) and turn the ‘’0” to 

that position (103) degrees). The EQX time 
will be 115 minutes after that of the previous 
orbit, or 9:34 P.M. According to the scale, 
AOS will be 9:39 and LOS, 9:55. That's 

all there is to it! 


the EQX time. Of course, you can work 
the satellite until it leaves your circle 
(“LOS,” or loss of signal). The small 
margin of error produced will. become 
significant after a few days. Simply reset 
the OSCARLOCATOR with a new ref- 
erence orbit. 
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The Newest OSCAR 


Two transponders, two beacons and a lower orbit make 
OSCAR 8 as much fun as OSCAR 7. If you re not into 
high power, try working through the newest OSCAR. 


ee in most respects to its two 
immediate predecessors, OSCAR 8 is 
designed to match or exceed their per- 
formance.’ Like the two AMSAT-built 
spacecraft that preceded it, AMSAT- 
OSCAR 8 is designed to circle the earth 
in a sun-synchronous orbit that will 
bring it within range of any one location 
at about the same time each morning 
and evening. It contains two _tran- 
sponders — the identical 2- to 10-m 
Mode A that flew aboard A-O 7 and a 
new 2-m to 70-cm Mode J designed and 
built by the Japan Amateur Satellite 
Corporation (JAMSAT). 

Unlike the other two Iong-lifetime 
solar-powered satellites, however, 
OSCAR 8 is designed to circle the earth 
at an altitude of about 560 miles (900 
km), 40 percent lower than A-O 6 and 
A-O 7. Thus, its sensitivity should be 
improved for the same power levels. 

Designed primarily as a replacement 
for the aging A-O 6 launched in 1972,° 
the newest OSCAR is being used for 
similar purposes — to expand the educa- 
tional .program that brings space com- 
munications to classrooms across the 
U.S. and Canada (see page 39), to be 
the focus of a wide range of experi- 
ments and to provide reliable and con- 
tinuous radio communication over the 
span of its design lifetime, three years. 
It bridges the gap between earlier ama- 
.teur spacecraft and the Phase III satel- 
lites that will fly in the 1980s. 

While the lower orbit brings greater 
sensitivity, it also lessens its range and 
time of accessibility to some extent. 
Maximum range of the satellites is de- 
signed to be about 2,000 miles (3200 
km); its period, about 103 minutes. 


How to Find It 


Despite its lower orbit, tracking A-O 
8 is no different from finding earlier 
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OSCARs. The OSCARLOCATOR range 
circle is slightly smaller and the satellite 
track is slightly flatter and requires less 
time. Owners of OSCARLOCATORs 
who wish to update it can send for a 
new acetate cover sheet with OSCAR 8 
tracking data. Send a 9X12 self- 
addressed stamped envelope to ARRL 
hq. for your complimentary copy. 

The two transponders aboard the 
satellite make it as enjoyable to use as 
OSCAR 7. The Mode A device has the 
same input and output frequencies as 
did its predecessor: 144.85-145.95 MHz 
uplink and 29.4-29.5 MHz downlink. 
The all-enew JAMSAT Mode J _ tran- 
sponder receives between 145.9 and 146 
MHz and transmits in an inverted down- 
link passband of 435.1-435.2 MHz. 


Each Has a Beacon 


Each mode has its own beacon. The 
Mode A beacon transmits on 29.402 
MHz with 0.25 watts, while the Mode J 
sends at 435.095 MHz with a 0.40-watt 
output. The telemetry frame is very 
simple: only six channels and the tradi- 
tional HI identifier. Each channel begins 
with a consecutive number followed by 
the two-digit code. Sample telemetry 
frames, decoding information and re- 
porting forms are available from ARRL 
hq. for an s.a.s.e. 

The satellite’s antennas dictate that 


left-hand circular polarization be used 
on the Mode A uplink and right-hand- 
polarization for the Mode J uplink in 
the Northern Hemisphere. Both the 
10-meter and 435-MHz transmitting an- 
tennas are linearly polarized, making 
polarization of the ground receiving 
antennas less important. 

Since the Mode A transponder oper- 
ates with a positive power budget, 
which means it generates more power 
than it uses, it can be left on almost 
indefinitely. In contrast, Mode J draws 
more power than the solar cells can 
generate, so it can be used less 
frequently. 

The current satellite schedule, oper- 
ating hints and other details about 
OSCAR 8 are available from ARRL hq. 
W1AW bulletins and AMSAT nets carry 
the latest information on all the ama- 
teur satellites. 


Footnotes 


7 As this is written, A-O 8 is undergoing final 
pre-launch tests. It is expected to meet the 
performance specifications mentioned in 
the text. Up-to-date information on the 
satellite’s operating is available from the 
ARRL for an s.a.s.e. 

SWith a design lifetime of but one year, 
AMSAT-OSCAR 6 operated reliably into 
its fifth year before battery cells began to: 
fail. If OSCAR 8 does as well, it will be 
functioning into the 1990s! 


Future Amateur Satellites 
Will Expand Their Uses 
for Everyone 


Toward the Ultimate Amateur 
Satellite 


Part 1: The most versatile amateur spacecraft yet designed 
will bring untold benefits to the amateur community. But 
considerable work remains before its scheduled launch in 1979. 


In 1979, you won’t need high power, a 
90-foot tower and reams of propagation 
charts to work Europe and Japan. In 
fact, you will be able to work them at 
the same time, in a six-hour round-table 
conversation — on 435 MHz! How? 
With AMSAT-OSCAR Phase III, the 
amateur satellite that will provide a 
quantum jump in efficiency and use- 
fulness over previous OSCARs. Its di- 
saster relief and educational benefits 
alone will be enormous. Part 1 of this 
series defines the need for this revolu- 
tionary satellite and explores some of 
the hurdles that must be overcome if it 
is to become a reality. In Part 2, the 
technical considerations that go into 
designing its onboard systems will be 
discussed. 


, has been more than 15 years since a 
small group of amateur radio operators 
designed and built OSCAR 1, the 
world’s first nongovernmental satellite. 
Like the six satellites that have fol- 
lowed, it was built of, by and for the 
amateur community. 

The response from amateurs around 
the world has demonstrated that com- 


munications satellites have become an 
The amateur satellite program has come a long way from OSCAR 1, at left, the tiny 10-pound integral part of the Amateur Radio 
bird which greeted amateurs with its cheery HI HI beacon more than 15 years ago. OSCAR 1 F ‘ : ra 
has long since burned up in the earth’s atmosphere, but AMSAT-OSCAR /7, at center, is still Service. Consistently lively band condi 


going strong nearly three years after launch. The Phase III spacecraft, at right, is a whole new tions attest to the unprecedented inter- 
ball game — a long-lifetime amateur satellite that will bring an entire hemisphere within range est in the satellites, and the imminent 
for as many as 12 hours at atime. launch of the eighth OSCAR is focusing 
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additional attention on the amateur 
space program. 


Toward Phase III 


Each successive satellite has drawn 
upon the ones before it, forming a 
systematic progression toward an entire- 
ly new kind of amateur satellite. . 

The first five OSCARs can be con- 
sidered to have comprised the infancy 
of the amateur satellite program. These 
Phase I spacecraft laid essential ground- 
work for systems used in later, more 
sophisticated, satellites. Amateurs 
learned to track an orbiting satellite, 
receive and interpret telemetry and use 
this information to command the space- 
craft. Most importantly, the Phase I 
OSCARs demonstrated that the space- 
craft could become a useful and popular 
resource for the day-to-day operations 
of hams worldwide, as spaceborne re- 
peaters (transponders) were developed. 

The launch of AMSAT-OSCAR 6, 
the first long lifetime solar-powered 
amateur satellite, marked the start of 
Phase II. It continued with A-O 7, and 
will advance with A-O D, to be called 
A-O 8 once in orbit. In this, the 
“crawling stage,” amateurs applied ex- 
pertise gained with the Phase I satellites 
to design and build spacecraft that 
could be controlled at will while con- 
tinuously and automatically monitoring 
their own electronic circuits. With Phase 
II, communication via amateur satellite 
has become almost routine, as sophisti- 
cated transponders allow nearly all ama- 
teurs, not just those with technical 
expertise, to use the spacecraft. 

Encouraged to apply their creativity, 
amateurs have shown that the Phase II 
satellites have vast possibilities in the 
realm of public service. Their educa- 
tional potential, NASA’s primary justifi- 
cation for launching the OSCARs, is 
being demonstrated coast-to-coast, as 
students are learning science, math and 
foreign languages through OSCAR. 
Successful experiments have proven the 
satellites’ capability to pinpoint downed 
aircraft from emergency locator trans- 
mitters and to relay electrocardiograms 
from an automobile in motion to a 
distant hospital. Unique intersatellite 
linking tests and low-power operations 
have further expanded their potential. 


Why Phase III? 


With the successes of AMSAT- 
OSCAR 6 and A-O 7, the question 
arises: Are we through with our crawling 
yet? It seems as though we are, as we 
have progressed about as far as possible 
with Phase IJ. With a few minor excep- 
tions, it would be difficult to improve 
the quality of communications over that 
provided by the DJ4ZC transponder 
(Mode B) in A-O 7. While current 
microprocessor technology would add 
some overall control flexibility, A-O 7 is 
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Three possible orbits for the Phase II!1 spacecraft are compared on this diagram. Notice that 
the time it would spend in the Southern Hemisphere remains nearly constant for each of the 
three orbits. The most elliptical orbit would thrust the spacecraft more than 24,000 miles into 


space at apogee, the farthest distance from earth. 


quite advanced in this regard. 

The major shortcomings of the Phase 
II satellites are their limited availability 
(less than two hours a day for most 
amateurs) and relatively short com- 
munications range. Since we will gain 
little by continuing to just crawl, 
perhaps we are ready to begin walking. 


Overcoming Hazards 


As anyone who has learned to walk 
can tell you, it’s no easy task. First, 
you must conquer the fear and anxiety 
that are attendant with all new ven- 
tures. Not coincidentally, the creators 
of the Phase III spacecraft face similar 
difficulties. As amateurs, engineers and 
scientists, we are seeking a way to 
better meet our communications needs, 
in this instance through satellites. We 
would, of course, prefer “optimum 
solutions” to the problems we face, 
but these are not always feasible. A 
detailed look at the orbital considera- 
tions for the Phase III satellite will 
make this apparent. 

It is known that (1) more than 90 
percent of the amateur population is 
located in the Northern Hemisphere, 
and (2) the amateur population is dis- 
tributed, unevenly, over all geographic 
longitudes. If we assume that all ama- 
teurs wish to “see” the satellite each 


day for a maximum period of time and 
want to communicate over the maxi- 
mum geographic separation with no 
penalty for working shorter distances, 
then it can be concluded that the 
satellite should (1) spend a majority of 
its time in the Northern Hemisphere, (2) 
be as high above the earth as is practical 
(allowing for the fact that signal 
strength decreases as the inverse square 
of the height), and (3) should not favor 
any geographic longitude. The popular 
geosynchronous orbit does not satisfy 
this last consideration and is, therefore, 
not optimum when all amateurs are 
considered. A family of orbits which 
best satisfies all requirements (and 
several others which Mr. Isaac Newton 
strongly suggested) is shown in the 
accompanying photograph. 

Since a satellite cannot be located 
permanently over the North Pole, and 
because we do not wish to ignore 
amateurs in the Southern Hemisphere, 
this series of orbits is nearly optimum. 
This can be demonstrated if we repre- 
sent the communications efficiency of 
the orbit as 


communications (efficiency) T = 
time spacecraft is 


above Northern Hemisphere 


orbit period 
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Objects in elliptical orbits travel much 
more slowly near their apogee (maxi- 
mum altitude) than at perigee (mini- 
mum altitude) where speed is greatest. 
If the apogee can be located nearly 
above the North Pole, all the desired 
effects can be achieved. For the orbits 
shown here (with periods of from six to 
12 hours), it was found that the time 
each satellite spends in the Southern 
Hemisphere (below the line AB) is very 
nearly the same: 65 minutes, or about 
one hour. The communications efficien- 
cy thus becomes 


mp = orbit period — | hour 
orbit period 


It can now be seen that the efficiency 
for the 12-hour orbit is 11/12 while the 
six-hour orbit gives an efficiency of 5/6 
—a slight advantage for the higher orbit. 
The point of diminishing returns is 
already being reached at 12 hours since 
higher orbits do not significantly in- 
crease the geographic range or percent- 
age of communications time, and signals 
are getting weaker by 


1 
height” 

One feasible orbit has a period of 11 
hours, an inclination (the angle it 
crosses the equator) of 63.4° and an 
apogee as far north as possible. This 
particular inclination value keeps the 
perigee position from drifting. For any 
single station in the Northern Hemi- 
sphere the communications efficiency 
or visibility time per day for this orbit is 
not as good as that given in the above 
formula. Most Northern Hemisphere sta- 
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tions will “‘see”’ the spacecraft for 14 to 
16 hours each day while Southern 
Hemisphere stations above 45°S will 
have six to seven hours of communica- 
tions daily. Most stations would have 10 
times more visibility than they now 
have with AMSAT-OSCAR 7. At 
apogee, the communications range along 
the surface of the earth would be 
approximately 18,000 km (11,200 smi), 
nearly a complete hemisphere. 

As the satellite is at its northernmost 
point, virtually every station in the 
Northern Hemisphere could communi- 
cate with every other — something that 
has never before happened in amateur 
radio. Using communications _ trans- 
ponders in the 2-m and 70-cm bands, 
users of the satellite would never ex- 
perience skip propagation or “‘no propa- 
gation” problems common to iono- 
spheric communications. Even severe 
ionospheric disturbances would affect 
the performance of the satellite com- 
municator only slightly. 

If we built and launched such a 
satellite, we would have clearly shown 
that Phase III would be an exciting step 
forward — one that is definitely worth 
taking. In fact, a case could be made 
that such a satellite would in effect add 
one or more “new” amateur DX bands 
to our spectrum. 


The Technical Challenge 


The Phase III spacecraft must per- 
form two major tasks if it is to be of 
maximum use. It must be capable of 
injecting itself into the final desired 
orbit, and it must provide reliable com- 
munications for ground stations with 
simple equipment. In order to meet 
these requirements, a tradeoff study was 


Phase III 


5 years 


The Phase III satellite’s design lifetime is 40-percent greater than any previous OSCAR, and 15 
times greater than the average design lifetimes of the first five (‘Phase I’’) OSCARs. 
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conducted to determine the operating 
characteristics of each system aboard 
the satellite. As will be shown, each 
system design depends upon the other. 

Unlike past OSCARs, the final de- 
sired orbit for Phase II] cannot be 
obtained directly by having it launched 
piggyback on another space mission. 
The only method of obtaining these 
orbits is for the Phase III spacecraft 
itself to have a propulsion capability so 
that available orbits may be changed 
into an orbit of the type discussed 
above. 

Orbit modifications require that the 
satellite’s velocity be increased at some 
point along its path. The velocity in- 
crease or AV may be thought of as a 
vector with a component along the orbit 
“track” and components perpendicular 
to the track or “‘crosstrack.’’ Velocity 
added along the track will change the 
apogee and/or the perigee of the orbit 
while one of the crosstrack components 
will change the inclination of the orbit. 
Once the properties of the initial orbit 
and the final desired orbit are known, 
the necessary AV and firing angles may 
be calculated. . 

The two types of orbits available to 
AMSAT for Phase III launches are low 
altitude polar orbits (like those of A-O 6 
and A-O 7) and synchronous transfer 
orbits, with a high apogee, low perigee 
and low inclination. The AV require- 
ments to change both of these orbits to 
the Phase III orbit have been studied in 
detail. The velocity increase in each case 
is about the same (1,500 m/s). In one 
case, however, the “kick” of the propul- 
sion system is applied along track to 
increase the apogee and in the other it is 
applied crosstrack to increase the in- 
clination. 


Solid Propellant Best 


Several types of motors were con- 
sidered to provide the orbit transfer. 
While a liquid-fuel system would pro- 
vide many advantages, such as the abili- 
ty to provide multiple burns, it is 
significantly more complex than other 
types. One interesting motor, the water 
electrolysis rocket, which produces two 
high-energy fuel components (hydrogen 
and oxygen) from the simplest and 
safest of liquids, is under consideration 
for later Phase III flights. Without 
doubt, the simplest and most reliable 
motor for the first Phase III satellite is a 
small solid-propellant motor. Loaded 
with powdered aluminum and organic 
chemicals in a spherical shell with a 
single exit nozzle, the motor selected by 
AMSAT will produce a AV of about 
1,600 m/s during its single 20-second 
burn. The firing, which may not be 
terminated once underway, will burn 
away fully 50 percent of the mass of the 
satellite while changing its orbit. 

The propulsion system impacts the 


rest of the satellite design in several 
important ways. Prior to firing, the 
attitude of the motor nozzle must be 
brought to the proper direction for 
injection into the new orbit. It is de- 
sirable to control this angle to within 
one degree (1°) of its true position in 
space. This means the attitude control 
system must not only be actively con- 
trolled but the earth and sun sensors 
used to determine the satellite’s position 
in space must be precisely aligned. 

The AV available from the motor 
depends on the total mass of the space- 
craft. For this reason it must be de- 
signed to be a specific weight. As might 
be imagined, there is a tendency for the 


weight of the components to become . 


excessive and it is difficult to find ways 
of removing excess weight, particularly 
as launch day approaches. Weight must 
be monitored continually throughout 
the design and construction of the 
satellite. 

Mechanical alignment of the motor 
is another important consideration. The 
structure of the spacecraft must assure 
that the axis of the motor nozzle passes 
exactly through the center of gravity. 


The Management Challenge 


Although there have been manage- 
ment problems associated with launch- 
ing and maintaining satellites in the 
Amateur Radio Service, Phase III intro- 


duces an‘entirely new class of difficulty. 
It is important to AMSAT that amateurs 
be aware of them so we can work 
together to solve them. 

To most enthusiasts amateur radio 
is, as its label suggests, a hobby; some- 
thing to be done in one’s spare time. 
With the onset of the amateur satellite 
program, however, it was necessary for 
Project OSCAR members to work close- 
ly with professional organizations which 
provided launching services and other 
support needed to build and test the 
spacecraft. 

Interface with professionals within 
government and industry has increased 
steadily throughout the history of the 
satellite program. The importance of 
radio amateurs being “professional” 
during contacts with nonamateurs in the 
professional world cannot be over- 
emphasized. To some of these people, 
hams’ are “Those guys who are always 
causing my TV to act up,” while to 
many more amateur simply means non- 
professional. The problem becomes a 
matter of credibility. How, they may 
ask, can amateurs accomplish effectively 
a task that professionals at times have 
difficulty with? 

An example will put the problem 
into better focus. In a recent discussion 
between AMSAT and a Project official 
representing a $50-million NASA space- 
craft, the official commented that he 


wanted to hear more about this “Radio 
Shack Satellite” before he would con- 
sider flying it as a piggyback next to the 
NASA satellite. 

His concern was not totally un- 
warranted; with a large sum of tax 
dollars at stake, it is proper that an 
in-depth review of our project be con- 
ducted and that the people involved 
become satisfied with the integrity of 
“amateur hardware.” To date, AMSAT 
has a perfect record in convincing the 
professional/technical community that 
amateurs are indeed competent, . but 
these preparations must always be done 
with the greatest of care. This, however, 
consumes time that is given up at the 
expense of equally vital hardware work 
and operations planning. With the ad- 
vent of Phase III, professional inter- 
action becomes increasingly important 
as spacecraft complexity takes another 
quantum jump, as with a kick motor, 
which is consideredto be a hazardous 
system. 

It is necessary to be half professional 
and half amateur in such a venture. At 
times it’s a difficult task. 

Having explored some of the con- 
siderations necessary to put a precedent- 
breaking satellite into orbit, Part 2 of 
this series will look at the onboard 
systems that will bring vastly improved 
communications capability to the_ama- 
teur community. 
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What Phase III Will Do 


Part 2: Most users of the AMSAT-OSCAR 7 Mode B 
transponder would agree that it has provided consistently 


strong and reliable signal levels. 


The transponders aboard 


the Phase II| should at least match that performance level, 
due to Its innovative communications system. And this 
despite the new spacecraft’s far greater distance from earth. 


ie about it: Amateurs can now 
transmit to and receive high-quality 
signals from an orbiting spacecraft for 
up to 23 minutes at a time. How do we 
go about providing that same level of 
signal strength over a 12-hour elliptical 
orbit that will bring the satellite about 
10 times farther from its users? 

How can we determine the most 
useful and practical frequencies for the 
transponders and beacons aboard this 
revolutionary satellite? 

With everyone’s time at a premium, 
how can we meet our vital deadlines 
while relying largely on scores of volun- 
teers? 

How can we assure the agency 
launching the satellite that we will come 
up with the money needed to build and 
test it? 

Those are a few of the challenges 
faced by those planning the Phase III 
satellite, now scheduled for launch in 
1979. Whether or not it will fly depends 
not only on our engineering capabilities 
but on our ability to search out creative 
solutions to the varied challenges we 
face. This part will explore some of 
them in detail. 


Communications System: 
Challenge No. 1 


To provide consistently strong signal 
levels at 20,000 miles as well as at 
2,000, the effective radiated power (erp 
— apparent power level out of the 
antenna) of the Phase III spacecraft 
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TRANSPONDER NO. 1 TRANSPONDER NO.2 
(2M/70 CM) (70CM/2M) 
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Fig. 1 — Transponder frequencies of the 
Phase ||! spacecraft. Notice that each trans- 
ponder will have two beacons. 


must be increased by 20 dB over that of 
AMSAT-OSCAR 7, to a level of 1,000 
watts. As with ground stations, this can 
be achieved through a combination of 
increased transmitter power output and 
antenna gain. 


The transmitter power output im- 
pacts dramatically the power system 
which must deliver the dc input. It also 
affects the thermal design of the satel- 
lite, since the additional heat produced 
must be conducted and radiated away 
from the final stages. In turn, the 
antenna affects the attitude control 


system; the higher the antenna gain, the 
more accurately it must be pointed 
toward the earth. 

A comprehensive trade-off study has 
shown that the power system will sup- 
port a transponder with a 50-W peak- 
envelope-power (PEP) output and that a 
downlink antenna gain as high as 10 dBi 
may be realistically achieved. This 
would give an erp of 500 watts, 3 dB 
short of the desired goal. When .com- 
pared to A-O 6, this 3-dB loss seems an 
acceptable compromise. 

In the design being considered, the 
antenna will be located on the spinning 
axis of the spacecraft and will be point- 
ed directly toward the earth at apogee. 
The attitude of the spinning body will 
remain fixed throughout the orbit. As 
the satellite comes away from apogee, 
the distance to the user will decrease 
and the path loss will drop. The earth, 
however, is no longer centered in the 
beam, serving to decrease antenna gain. 
The antenna can be designed such that 
the reduced path loss is almost exactly 
counteracted by the decreased gain, 
resulting in a nearly constant signal level 
to the user during the entire pass. 

To provide high-quality signals for 
the perigee part of the orbit, the trans- 
mitter will be switched to an omni- 
directional antenna just north of the 
equator. It will switch back to the 
high-gain antenna on the outbound leg 
of the ellipse. 

The uplink performance will suffer a 


similar 20-dB increase in path loss with 
the Phase III orbit. This increase will be 
overcome by a similar amount of anten- 
na gain (about 10 dBi), improved receiv- 
er noise figure, and increased overall 
transponder gain. Users should expect 
to need only slightly more power than 
required for A-O 6 and 7. Despite the 
great distances involved, the Phase III 
user will access the spacecraft with the 
same simple low-power equipment re- 
quired for the earlier satellites. This 
remains an important objective of the 
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amateur satellite program. 


Which Bands? 


It was found that the best bands for 
the Phase III communications trans- 
ponders are 2 m and 70 cm. Ten meters 
was eliminated because antenna gain at 
the satellite would still be required, and 
such antennas would be very difficult to 
implement. The transponder bandwidth 
is limited to 155 kHz by an IARU 
Region I agreement regarding the satel- 
lite subband at 2 meters. This frequency 
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Fig. 2 — Functional block diagram, AMSAT -Phase II. 


band, from 145.845 MHz to 146.000 
MHz, will be completely used by the 
communications system. 

An AMSAT survey on _ user fre- 
quency preferences showed a 50:50 
split between users who desired the 
downlink to be on 2 m and those who 
wanted it to be on 70 cm. There were 
strong technical and nontechnical argu- 
ments on either side. As a result, 
AMSAT will endeavor to provide recip- 
rocal transponders (not to be operated 
simultaneously) that will test the advan- 
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tages of each link choice. The bandplan 
for the communications transponders is 
shown in Fig. 1. 

Two beacons will be associated with 
each transponder, one at each end of 
the downlink passband. One will be a 
general beacon, providing bulletin infor- 
mation and low-speed telemetry of 
interest to users. The other will be a 400 
bit-per-second engineering beacon which 
may be utilized by individuals with 
home microprocessor systems. 

A 2-watt S-band beacon at 2304.1 
MHz will be included to provide 
Doppler measurements for orbit deter- 
mination and to provide a source of 
backup telemetry. This beacon will be 
operated on an as-needed basis near 
orbit apogee. 


Power System: Challenge No. 2 


The demands on the Phase III power 
supply far exceed those of the Phase II 
satellites. In fact, the signals received by 
its users will be dependent largely on 
how much power can be produced by 
this system. For a given erp output 
requirement from the satellite, a greater 
power from the solar arrays can be used 
to increase the transmitter power and 
decrease the required antenna gain. This 
is desirable since it would relax the 
requirements on the attitude control 
system and allow the solar arrays to be 
oriented more favorably toward the sun. 
This in turn, would produce more 
power. Unfortunately, the limitations 
on the power that can be generated are 
rather severe: specifically, 

1) The physical size of a secondary 
satellite (piggyback) is very restricted. 
Surfaces for mounting solar panels are 
limited. 

2) Solar panels are very expensive. 
Present costs are about $3,000 per 
square foot. 

3) Losses in distributing power 
within the spacecraft are about 10 
percent. 

The results of the trade-off study 
show that a piggyback structure large 
enough to support approximately one 
square meter (10.8 ft.”) of solar cells 
could realistically be fitted into most 
launch vehicles. Distributed around the 
body of the structure, these cells will 
produce 45 watts of power at the 
beginning of the spacecraft lifetime and 
will degrade to about 30 W output in 
five years. This much power will sup- 
port a single 50-W PEP transponder 
which requires an average input power 
of 25 watts and will provide sufficient 
reserve to operate the remainder of the 
on-board systems throughout the satel- 
lite’s lifetime. During eclipse periods, 
which can be rather severe in elliptical 
orbits of this type, transponder opera- 
tion will be assured by using a nickel- 
cadmium battery similar to the type 
used on Phase II satellites. The battery 
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will be able to recharge completely 
during the very long periods of sunlight 
near orbit apogee. 


Microprocessor Will Provide 
Continuing Control 


With the advent of the microproces- 
sor, minor design faults such as those 
that have become apparent from time to 
time in OSCAR 6 and 7 often can be 
corrected remotely. In this way, the two 
OSCARs now in orbit are serving as 
orbiting laboratories for the designers of 
the Phase III. 

With the untold benefits that will 
accrue from its ability to affect the 
control system after launch, a CMOS 
microprocessor will be utilized in a 
system to be known as the Integrated 
Housekeeping Unit (IHU). This system 
will consist of a command decoder, 
analog-to-digital converter, microproces- 
sor and at least 2048 bytes of random 
access memory (RAM). 

Responsible for controlling virtually 
every function on board the spacecraft, 
it will execute all telemetry and com- 
mand requirements, monitor the condi- 
tion of the power and communications 
systems, and take corrective actions as 
necessary. It will establish clocks needed 
for various spacecraft timing functions, 
and it will interact with the attitude 
sensors and torquing magnet to adjust 
orientation of the spinning body in 
space, its most demanding task. In 
addition, the IHU will make the final 
decision on whether all on-board sys- 
tems are “‘go”’ for the kick-motor firing. 
If confirmed, the computer will send 
the command to fire, not a ground 
control station. 

The functional block diagram (Fig. 
2) summarizes the interconnection of 
Phase III components. 


Schedules and the Amateur: 
Challenge No. 3 


The special relationships between 
the professional and amateur worlds 
place a new set of constraints upon the 
amateur builder of space hardware. In 
addition, among the amateurs capable 
of designing and building amateur space 
hardware (and there are many more 
capable than think so), volunteers are 
hard to find. Perhaps it’s not so surpris- 
ing. While the rewards are great when 
solving a challenging design problem 
that will benefit thousands of others, 
the pressures of the professional world 
are transferred to the shoulders of the 
amateur space volunteer. 

Perhaps the greatest of these is 
schedule. As anyone who has built a 
homebrew knows, there never seems to 
be enough time to get the new gear on 
the air and working, within its intended 
specifications, by the original deadline. 
The amateur space buff must design his 
own electronics (considering the space 


environment), build a breadboard, de- 
sign and build the package it goes in, 
build a flight model with high reliability 
components (which take as long as nine 
months to obtain), and test the final 
product. Remember, you can’t fix it 
later! And it must be done on schedule. 
It is this last factor that seems to take 
the toll. Few volunteers get hooked 
hard enough on their hobby to sacrifice 
their family or employment for periods 
of several months or several years in 
order to “make it’’ on time. The alterna- 
tive to being late is simple — no launch 
and a tremendous amount of wasted 
effort, talent and money. 

Again, Phase III stretches this ten- 
uous situation to the limit. Significant 
development effort is required, much of 
it not in electronics. Volunteers, like 
long-distance runners, must pace them- 
selves. A steady work pace over the next 
three years is required if the amateur 
space buffs who work on Phase III are 
to avoid “burn-out” or a sudden de- 
crease in interest after a period of 
intense progress. Amateur technological 
breakthroughs, like the DJ4ZC trans- 
ponder in A-O 7, will be needed. Solu- 
tions for each new problem must be 
found and while the calendar marks the 
days til launch, the clock will not stop. 
Failures in testing must be fixed and 
new tests run again. It seems like a long 
time from beginning to end of-a project 
of this magnitude, but for the amateur 
satellite volunteer, it must be done on 
time and it must be perfect — once you 
let go, you may never touch it again. 


The Cost of Doing Business: 
Another Halfway Problem 


Without doubt, the most frequent 
question asked by professionals in dis- 
cussions with AMSAT is, ‘‘Where do 
your funds come from?” The question 
they are really asking is, “How do you 
build these satellites for such a small 
amount of money?” Again, the question 
of credibility arises. Part of the answer, 
as most amateurs already know, is that 
an incredible amount of free labor goes 
into such a project. But even if it were 
valued at 50 dollars per hour, volunteer 
labor would not make up for the differ- 
ence in cost between what amateur 
radio paid for AMSAT-OSCAR 7 and 
what the aerospace industry would have 
charged had they been asked to do the 
same job. The reasons for this difference 
in cost are many and complex. Simply 
stated, in thinking about designing and 
building a satellite of this sort, amateurs 
and professionals would approach the 
problem in completely different ways. 

Most importantly, it is possible to 
construct reliable, long-lived satellites 
which will tremendously increase ama- 
teur capability at relatively low cost. 
How low is low? Let us put things in 
perspective.. Commercial communica- 


tions satellites typically cost between 
$10 and $50 million. A complete sys- 
tem, including ground stations, could 
easily top $100 million. In contrast, 
typical amateur installations range from 
a few hundred dollars to perhaps as 
much as $5,000. Amateur satellites have 
been and can continue to be built and 
launched for from $50,000 to $200,000 
— arange significantly below the cost of 
commercial systems and far above the 


level amateurs usually pay for their 
equipment. The result is that amateur 
satellites are in a middle ground — 
outside the experience factor of both 
professionals and amateurs. 

Another problem which must be 
faced is that there is no way of deriving 
funds directly from the satellites. 
AMSAT cannot, nor does it have any 
intention to, charge for the communica- 
tions provided by the satellite trans- 


ponders. It is also AMSAT’s policy, 
contrary to some terrestrial repeater 
groups, not to require membership in 
any organization in order to be able to 
use the satellite transponders. Requiring 
membership would undoubtedly restrict 
the growth in the number of users 
and discourage many of the satellite’s 


applications. So, other means must 
be found to raise the necessary 
money. 
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A. exciting new era in amateur 
radio is about to begin. . . the era of 
AMSAT PHASE III OSCAR satellites. 

Many of you are familiar with the 
benefits of the AMSAT OSCAR satel- 
lites, notably OSCAR 6 and 7. These 
satellites, with a combined total of 
over 8 years in orbit, have provided 
communications between amateurs 
throughout the world. They have also 
provided a capability for an educa- 
tional program in space sciences and 
many interesting experiments. 

AMSAT, with members and con- 
tributing groups worldwide, and head- 
quarters in Washington, DC, has been 
responsible for our current satellite 
program. Many people feel that per- 
haps the greatest value of the amateur 
satellite program is the dramatic 
demonstration of amateur resource- 
fulness and technical capability to 
radio spectrum policy makers around 
the world. 

The value of this aspect of amateur 
radio as we prepare for the 1979 
World Administrative Radio Con- 
ference (WARC) is enormous. 

The AMSAT PHASE III satellite 
program promises a continuing demon- 
stration that amateur radio is at the 
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AND AMSAT PHASE II 


forefront of modern technology. 
PHASE III satellites will routinely pro- 
vide reliable communications over 
paths of up to 11,000 miles (17,600 
km) for 17 hours each day. You can 
think of them as a resource equivalent 
to a new band. 


The cost of these PHASE III satel- 
lites is a projected $250,000. Com- 


mercial satellites of similar  per- 
formance would cost nearly 
$10,000,000. 


Your help is needed to put these 
PHASE III OSCAR satellites in orbit. 

Your valued, tax-deductible contri- 
bution can be as small as one of the 
5000+ solar cells needed. A handsome 
certificate will acknowledge the num- 
bered cells you sponsor for $10 each. 
Larger components of the satellites 
may also be sponsored with contribu- 
tion acknowledgements ranging to a 
plaque carrying your name aboard the 
satellites. Call or write us for the 
opportunities available. 

Your membership in AMSAT is 
important to the satellite program, and 
will give AMSAT a stronger voice in 
regulatory matters concerned with 
satellites. At $10 per year or $100 for 
life, you will be making a most signi- 
ficant contribution to the satellite 
program and the future of amateur 
radio. You will also receive the quar- 
terly AMSAT newsletter. 

Write to AMSAT PHASE III, Radio 
Amateur Satellite Corporation, Box 27, 
Washington, DC 20044. 


OSCAR Goes to Schools - 


Across the U.S. and Canada, students and teachers respond 
enthusiastically when OSCAR comes to visit — an update on 
the OSCAR Educational Program. 


Item: Active radio amateurs are 
working with educators to set up an 
OSCAR Station in the remote mountains 
of North Carolina to help Cherokee In- 
dian children broaden their horizons and 
improve communications skills. 

Item: An innovative inner-city high 
school for gifted students in Newark, 

NJ, will sponsor credit-bearing Novice 
license classes, and OSCAR will get them 
started. 

Item: The science department chair- 
man at a Long Island, NY, high school 
has been awarded a $2,100 grant to ex- 
plore OSCAR’s applications in science 
programs. 


OMe have been flying around 
Earth since 1961 and their use in the 
classroom goes back nearly that far. 

There are thousands of satellites 
orbiting the earth, but only the two 
-OSCARs (Orbiting Satellites Carrying 
Amateur Radio) can be used with rela- 
tively simple and inexpensive equip- 
ment. This makes thern ideal for class- 
room use, and the OSCAR Educational 
Program has developed and expanded 
their practical applications to a wide 
variety of subject areas and grade levels. 
Teachers with no previous radio back- 
ground can easily learn to tune them in, 
bringing the excitement of live satellite 
communications into their classrooms. 

Several thousand educators have at- 
tended OSCAR Educational workshops 
or used the ARRL’s curriculum supple- 
ment to apply the satellite’s principles 
to their particular teaching situation. 
More than 100 volunteer amateurs 
across the U.S. and Canada are available 
to visit nearby schools to speak to 
groups of students and assist with 
demonstrations. 

Designed for maximum educational 


value, the OSCARs presently opera- 
tional pass within range of any point on 
earth twice a day. In North America, 
two morning orbits can be heard during 
school hours, making live classroom 
demonstrations of communication 
through the OSCARs easy to arrange. 

Each orbit is within range of any 
particular location for up to 25 minutes 
— plenty of time to catch the chatter of 
foreign and local stations trying to 
contact one another, the dit-dahs of the 
Morse code as well as voices fading in 
and out. 


Live Demonstrations 


There is no such thing as a typical 
demonstration. Some involve actual 
two-way conversations between stations 
up to 5,000 miles apart (a licensed ham 


is needed for this), some are receive- 
only and others focus on receiving the 
Morse code telemetry signals that trans- 
mit the satellites’ vital lifesigns. 

After hearing someone talk to them 
from Europe or Hawaii, elementary 
school children will discover that people 
aren’t that different after all. In the 
meantime, they’ve learned some geog- 
raphy and discovered a common ground 
— someone in another part of the world 
can speak English or send Morse code 
which people here can understand. Any- 
one who has seen a classroom demon- 
stration can tell you that language bar- 
riers tend to evaporate pretty quickly 
through the satellite. Younger children 
especially enjoy hearing their names 
mentioned over the radio, and this can 
be arranged through the ARRL. Special 


A group of inquisitive students listens to a far-off station via OSCAR at the Ontario Science 
Centre near Toronto. VESYY is the operator. 
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The Hillsboro (OR) High School cafeteria was the scene of a recent successful OSCAR 
demonstration. John David, W7IKKMB and Mike Metcalf, W7UDM (standing), members of 
the Tektronix Employees Radio Amateur Club, tuned in both OSCARs. ‘The cassette tape 
recorder was used to play the WABC OSCAR talk (available for loan from ARRL),’’ David 
reported. ‘’The other tape recorders were used to record the telemetry and voice trans- 
missions, which the physics classes subsequently analyzed with the help of the space 
science book supplied by ARRL. The two flag poles in the courtyard provided a 
convenient support for the 10-meter dipole.”’ (JoAnn Kirby photo) 


Educational Material Available from the ARRL 


Space Science Involvement, a 63-page booklet that applies the principles of OSCAR’s orbit 
and telemetry data to physics, mathematics, general science and social science classes and grade 


levels from elementary through college. 


The “OSCARLOCATOR" consists of a North polar projection and an acetate sheet, and lets 
you determine just where and when each OSCAR satellite will be above your location. Free to 
participants in the Educational Program; $1 to others. 

“Guidelines for Radio Amateur’s Classroom Demonstration — OSCAR Satellites’’ is suitable 
for both teachers and experienced radio amateurs; includes a sample talk on OSCAR’‘s basic 


principles.’ 
Educational Bulletin schedule. 


“OSCAR and the Ham,’’ a 29-minute video cassette of an actual classroom demonstration 
of the OSCAR satellite, shows its educational potential. 
OSCAR 6 and 7 slides, with accompanying printed text, provide a brief introduction to the 


components of the satellites. 


WABC OSCAR Presentation is an audio tape cassette of a special program on the OSCAR 


satellites aired over WABC radio in New York. 


educational bulletin stations regularly 
send useful information through 
OSCAR to teachers and their students; 
the bulletin schedule is available from 
the ARRL. 

After experiencing live communica- 
tion via satellite, students often are 
spurred on to further projects. An In. 
diana 12-year-old, Dave Vitkus, 
WBORXV, built an OSCAR display that 
copped first place in two different 
science fairs. Others have gone on to 
study for their Novice licenses as a first 
step toward working the satellites them- 
selves. 

Using the Space Science Involvement 
curriculum supplement as a guide, 
teachers have applied the principles of 
OSCAR’s orbit and components to such 
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diverse subjects as electronics, geog- 
raphy, social science, general science, 
physics and space science. Junior high 
students, for example, can track the 
satellites easily with the aid of some 
basic orbital information. Their velocity 
and distance traveled in one orbit can 
be similarly computed. High-school 
math classes concentrate on interpreting 
the telemetry data that come from the 
satellites in Morse code numbers — 
which also teaches the rudiments of the 
code. By inserting the numbers into 
algebraic formulas, students can mea- 
sure the spacecraft’s temperature and 
check its batteries. 

On the college level, electronics 
classes study the transponders aboard 
the satellites that beam Morse code, 


voice and slow-scan television to earth, 
while physics classes apply OSCAR’s 
data to measuring Doppler shift and 
using Kepler’s Third Law of Motion. 

As the items mentioned at the begin- 
ning of this article indicate, there is 
virtually no limit to the creative uses 
people can make of the OSCAR satel- 
lites. Expanding on the many experi- 
ments described in the curriculum sup- 
plement, teachers have used the vast 
educational potential of the satellites to 
best meet the needs of their students. 

Aside from its benefits to the people 
involved — teachers, students and hams 
— the Educational Program serves to 
emphasize the public service aspects of 
amateur radio, and encourages further 
participation in the hobby. Many 
schools have purchased equipment, 
started radio clubs and publicized their 
amateur radio activities in local media 
after holding OSCAR demonstrations. 
Many more have written to request 
regular visits from nearby hams. 

In its broad sense, education extends 
far from the classroom. OSCAR exhibits 
at hamfests and exhibits for the general 
public bring the satellites before the 
public eye and spread word of the 
Educational Program. Educational con- 
ferences based on OSCAR, such as was 
held in 1976 at the Goddard Space 
Flight Center near Washington, DC, 
bring large groups of teachers into con- 
tact with knowledgeable professionals 
who demonstrate OSCAR’s educational 
potential. Another similar conference 
was held in February, 1977, at the 
Kennedy Space Center, FL. 


New Ones on the Way 


A large part of the justification for 
the launch of the OSCAR satellites was 
their educational value, and the enthu- 
siastic response from teachers, students 
and amateurs is one measure of its 
success. Another is the steadily growing 
demand for the ARRL’s educational 
materials (see list). 

Teachers interested in holding a live 
OSCAR demonstration and amateurs 
who can be called upon to provide one 
should contact the ARRL, 225 Main 
St., Newington, CT 06111. 


Epilogue 

OSCAR demonstrations run the 
gamut from brief talks on the satellites 
within small groups to complete live 
demonstration/lectures before as many 
students and teachers as can be 
crammed into an auditorium. These 
often include a slide show and a good- 
natured chat through OSCAR 7 with 
Fred Merry, W2GN Mobile 2, near 
Albany, NY. One such event, which 
occurred earlier in the year, was re- 
ported by Ed Bizub, WA2CBB: 

“Two very successful OSCAR edu- 
cational demonstrations were held yes- 


terday at the Chestnut St. School in 
Newark, NJ, using OSCAR 7 
equipment including antenna was set up 
at 8:45 A.M. Receiver was a Halli- 
crafters SX-101A. Antenna was a 10- 
meter dipole about 10 feet off the 
ground. 

“The first demonstration was held 
from 9:40-10:30 A.M. with six teachers 
and 20 students present. Results were 
excellent with good reception of 


W2GN’s ssb transmission as well as the 
beacon. A talk by me was given prior to 
the pass, with additional discussions 
afterward. Pictures were taken by the 
Board of Education photographer. 

“The second demonstration from 
11:40 to 12:25, was for teachers only 
with 13 present from various schools in 
the Newark School System. Several min- 
utes of fair copy were obtained, giving 
the teachers an insight into satellite 


communications. My talks before and 
after the pass were geared to the educa- 
tional value of OSCAR. Response from 
the teachers was good. 

“In summary, the demonstration 
was definitely worthwhile. One or two 
additional demonstrations will probably 
be arranged for the next school year. 
They also hope to receive approval of 
their request to purchase a suitable 
receiver for OSCAR.” sr] 
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Satellites Can Save Lives 


Cross-country relays of medical data via OSCARs presage their 
use in disaster relief — after the launch of the Phase II| 


satellite. 


W... the long-dormant volcano in 


southwest Ecuador erupted without 
warning after a thousand years, the 
small village nestled at its base was 
ravaged by a steaming mass of molten 
lava. Only the swift action of HC3EP, 
who contacted the Red Cross in nearby 
Quito, saved the lives of those who 
survived. 

Almost immediately after medical 
technicians airived at the scene, the vital 
body signs of the most seriously injured 
were monitored, coded and transmitted 
via portable equipment through OSCAR 
9 to the Mayo Clinic in Rochester, MN. 
There, specialists trained for emergency 
diagnosis interpreted the waveforms and 
radioed back coded instructions that 
prescribed personal care for each of the 
victims. It was later determined that 
several hundred lives were saved by the 
OSCAR Medical Emergency Network 
(OMEN). 

The above scenario was, of course, 
just that — a fictitious account of a 
future disaster; but it could happen. 
Several U.S. amateurs are working on 
their own to perfect a means of trans- 
mitting medical data via satellite, the 
first stage of an “OSCAR Medical Emer- 
gency Network.” 


Pioneering Work 


Widespread use of the OSCAR satel- 
lites for disaster relief will have to wait 
for the Phase III satellite, now in the 
early planning stages. But the pioneering 
work of Dave Nelson, K7RGE, Steve 
Kimber, W7VEW and others has laid the 
groundwork — and at the same time 
made construction of AMSAT-Phase III 
even more essential. 

Relaying medical data via telephone 
and radio from remote areas is not a 
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Thanks to its elliptical orbit which will take it nearly 40,000 km into space, the Phase III 
OSCAR (dubbed ‘‘OSCAR 9” in the article) will enable amateurs to relay medical data or other 
information over thousands of miles for up to 15 hours at a time. Scheduled launch is late in 


1979; 


new concept. In fact, many hospitals are 
presently equipped to receive EKG 
(electrocardiogram) data from ambu- 
lances. The advantages of using an or- 
biting satellite for this purpose are 
impressive: Its range (up to 12,000 
miles), speed (186,000 miles per 
second) and accessibility to remote 
areas, regardless of local conditions. 

Use of the OSCAR satellites for 
transmitting EKG data began during the 
summer of 1975, when Steve Kimber of 
Lander, WY, arranged a test with 
W6ELT, Santa Ana, CA. Negating the 
effects of the Doppler shift with a 
subcarrier detector he designed, Steve 
received an excellent waveform via 
OSCAR-6 orbit 12485. A local physi- 
cian had no difficulty interpreting the 
data. 

Working independently, K7RGE, of 
Tucson, AZ, used a demodulator circuit 
of his own design to run a similar test. 
After taping the data using instrumenta- 


tion and audio grade tape recorders, the 
tapes were mailed to W6ELT for trans- 
mission via OSCARs 6 and 7. 

Dave experimented with two 
methods, analog and digital. Under the 
“analog FM’’ system, the EKG data 
modulate a voltage-controlled oscillator, 
which produces the modulated audio 
carrier to be transmitted. The received 
signal is decoded using a phase locked 
loop. Its output is displayed on a strip 
chart recorder, commonly used for 
EKGs. 

Although successful, the data were 
subject to the usual bugaboos of satel- 
lite communication — noise and 
Doppler degradation. 


Digital System Eliminates Doppler 


To avoid these problems, Dave de- 
signed an audio frequency-shift key 
oscillator and high-speed demodulator 
combination that successfully elimi- 
nated both irregularities. He used com- 
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A few seconds of an electrocardiogram relayed from W2GN’'s mobile OSCAR station near Albany, NY, to the National Institutes of Health, 
Bethesda, MD, via OSCAR 7 Mode B on June 2, 1976. The gradual lowering of the “‘baseline’’ is due to Doppler shift. 


mercial analog-to-digital and digital-to- 
analog converters. With the assistance of 
AMSAT, he received FCC clearance to 
use an eight-level digital code. EKG data 
relayed in this manner via OSCAR 7 
Mode B were of excellent quality. 

The first cross-country transmission 
occurred late last year when K3YGG, 
the National Institutes of Health club 
station at Bethesda, MD, received 
W6ELT’s recorded data via both 
OSCAR satellites. Dave Nelson’s de- 


modulator circuit performed perfectly, 
as the data “‘closely resembled the origi- 
nal waveform,” according to Dr. William 
Hook, W3QBC, an NIH microbiologist 
who manned the receiver. 

Further tests, equally effective, were 
rn this past June between W2GN’s 
mobile OSCAR station near Albany, NY 
and the NIH station. 

The practical applications of trans- 
mitting vital medical information 
through communications satellites such 


This buckled stretch of Interstate 5 near Los Angeles underscores the fact that disasters can 
strike anywhere, at any time. The February, 1971, earthquake that produced this scene also 
heavily damaged a veterans hospital. 


as OSCARs 6 and 7 are just beginning to 
be explored. Since an EKG has a rela- 
tively high bandwidth, Dave Nelson 
foresees little difficulty in relaying other 
body signals with lesser bandwidths. 
The federal government has expressed a 
keen interest in this area, and expanded 
uses of satellites for relaying medical 
data following emergencies and disasters 
will undoubtedly be forthcoming. 

The Phase II] OSCAR, now sched- 
uled for launch late in 1979, will be 
ideal for such purposes, as its elliptical 
orbit will make it available for up to 12 
hours at a time. For now, dedicated 
individuals are making the satellites 
work for all of us. [as7—] 
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Operating out of ambulances, vital medical 
data could be transmitted via OSCAR to 
medical personnel specializing in certain 
types of injuries. This photo shows W3BTX 
during a recent March of Dimes Walk-A-Thon 
in Blair Co., PA. 
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OSCAR’s Vital Statistics 


AMSAT-OSCAR 7 


Date of launch: November 15, 1974 

Orbital Parameters: 
Altitude — 910 miles (1460 km) 
Period — 114.94513 minutes 
Inclination — 101.5966 degrees 
Increment — 28.73707 degrees 

longitude 

Mode A Transponder: 145.85-145.95 
MHz uplink, 29.4-29.5 MHz down- 
link. Beacon at 29.502 MHz. 

Mode B Transponder: 432.125-432.175 


MHz uplink, 145.975-145.925 MHz 
downlink. Beacon at 435.103 MHz. 
Power: 1 to 2 watts 
Size: Octahedral in shape, approxi- 
mately 14” high X 17” in diameter 


AMSAT-OSCAR 8 


Date of launch: Early 1978 
Orbital Parameters:' 
Altitude — 550 miles (880 km) 
Period — 102.79 minutes 
Inclination — 98.99 degrees 


The Rise and Fall 
of the OSCARs 


OSCAR 1, the world’s first non- 
governmental satellite, was launched by 
NASA on Dec. 12, 1961. It was de- 
signed and built in garages and base- 
ments by a group of California hams, 
called the Project OSCAR Association, 
who had the idea of building an orbiting 
100 mW transmitter. The 10-pound 
satellite transmitted HI HI in Morse 
code for three weeks before its tiny 
battery fell silent. More than 5,000 
telemetry, beacon and tracking reports 
were received from amateurs in 28 
nations of the world. 

Similar in design and purpose to its 
predecessor, OSCAR 2 was launched on 
June 2, 1962. Like OSCAR 1, it pro- 
vided information about its temperature 
via the rate of speed of its Morse Code 
transmissions. 

The world’s first free-access com- 
munications satellite, OSCAR 3, was 
launched March 9, 1965. OSCAR 3 was 
also the first true communications satel- 
lite for amateur use. It provided two- 
way communications for 98 amateur 
stations in Europe and North America 
on the two-meter amateur band, usher- 
ing in the era of amateur communi- 
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cation via orbiting spacecraft. The 
technical repercussions from this pre- 
cedent-setting OSCAR are still being 
felt, 

The first amateur satellite to use a 
repeater that covered two different 
bands (transponder), OSCAR 4 
attracted a great deal of interest when it 
was launched in December, 1965. Un- 
fortunately, it never achieved its plan- 
ned orbit, and only about a dozen 
contacts were made through it. One of 
these, however, was between UP2ON in 
the Soviet Union and K2GUN, the first 
direct satellite communication between 
the U.S. and the U.S.S.R. OSCAR 4 
received signals sent up to it on the 
2-meter band and retransmitted them 
on the 70-cm band. 

The fifth amateur satellite was an 
international undertaking, as it was de- 
signed and built by students at the 
University of Melbourne under the 
auspices of the Wireless Institute of 
Australia. It was prepared for launch by 
the newly formed Radio Amateur Satel- 
lite Corporation (AMSAT), in Washing- 
ton, DC. AMSAT had been formed in 
1969 to carry on the work of the 


Mode A Transponder: 145.85-145.95 
MHz uplink, 29.4-29.5 MHz down- 
link. Beacon at 29.4 MHz 

Mode J Transponder: 145.9-146 
MHz uplink, 435.1-435.2 MHz down- 
link. Beacon at 435.095 MHz. 

Power: 1 to 2 watts 

Size: Rectangular in shape, approxi- 
mately 15” X 15” 


1Design specifications. More precise informa- 
tion will be available for an s.a.s.e. from 
the ARRL following launch. 


California-based Project OSCAR Asso- 
ciation. Launched January 23, 1970, 
Australis-OSCAR 5 transmitted signals 
on the 2- and 10-meter bands. The first 
amateur satellite to be used for educa- 
tional purposes, it also provided valu- 
able propogation studies at the height of 
the sunspot cycle. 

AMSAT-OSCAR 6 was perhaps the 
most successful amateur satellite to 
date. Launched primarily to provide an 
educational tool for science teachers, 
the solar-powered satellite had a design 
lifetime of but one year. Despite an 
unprecedented level of usage by thou- 
sands of amateurs across the world, 
however, the satellite continued reliable 
operation well into its fifth year, break- 
ing longevity records for limited-lifetime 
satellites. It continued to function 
effectively far longer than the commer- 
cial satellite that it was launched with, 
on October 15, 1972. Aside from its 
educational applications, OSCAR 6 was 
used for a variety of experiments, 
proving the utility of amateur spacecraft 
for such practical applications as disas- 
ter relief, medical data transmission and 
intersatellite linking. 
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OSCAR Educational workshops: 39 

OSCARLOCATOR: 8,10, 12, 15, 16, 
26-27, 40 

OSCAR 1: 30, 34 

OSCAR 2: 44 

OSCAR 3: 44 

OSCAR 4: 44 

OSCAR 5: 44 

OSCAR 6: 8,9, 11, 24, 31, 44 

OSCAR 6, schedule: 9 

OSCAR 6 telemetry beacon: 22 

OSCAR 7: 7,9, 30, 44 

OSCAR 7, Mode A: 8, 20, 24, 44 

OSCAR 7, Mode B: 8, 18-20, 31, 44 

OSCAR 7, schedule: 9 

OSCAR 7 telemetry beacon: 24, 44 

OSCAR 7 telemetry frame: 13 

OSCAR 8 orbital information: 28, 44 

OSCAR 8 telemetry beacon: 28, 44 

Outgoing DX QSL bureau: 22 

Pass: 9 

Passband: 9 

Passband, Phase III: 34 

Perigee: 32 

Period: 9 

Phase III: 30-38, 42, 43 

Phase III orbits: 31 

Polarization, antenna: 12, 16, 17, 20, 


25, 20 
Polar orbits: 32 
Power amplifiers: 12 


Power supplies: 12 

Power systems, Phase III: 36 

Preamplifier: 10, 23 

Propagation: 12, 16,23 

QRP: 18, 19, 24 

QRP orbits: 9 

QRP test: 9 

QSL cards for OSCAR: 13,22 

OS 7 ,.22,25 

Receivers for OSCAR: 10 

Receiving Mode B: 18 

Receiving OSCAR’s signals: 8, 10, 12, 
13, 18, 20 

Regional awards: 22 

“Reverse Doppler”: 24 

RTTY telemetry: 20 

Satellabe: 9,15 

Satellite command stations: 24 

Satellite Communicators Club: 13,21 

Satellite DX Achievement certificate: 21 

Satellite DXCC award: 22 

Satellite plotter, W2GFF: 15, 16 

Satellite 1000 Award: 9 

S-band beacon, Phase III: 36 

Science fairs: 40 

Selected cities information: 10, 12 

Single sideband operation: 19 

Solar arrays: 36 

Solar cells: 36 

Solid-propellant motor, Phase III: 32 

Spacecraft frequencies: 9, 44 

Space Science Involvement: 40 

Sputnik 1: 8 

Sun synchronous orbit: 9 

Telemetry: 36 

Telemetry beacons: 9 

Telemetry beacon, OSCAR 6: 22, 44 

Telemetry beacon, OSCAR 7: 24, 44 

Telemetry beacon, OSCAR 8: 28 

Telemetry data: 10, 40 

Telemetry reporting forms: 11 

Telemetry signals: 39 

Ten Districts Award: 22 

Time Conversion Chart: 12 

Track 3 32 

Tracking OSCAR: 15, 16, 26, 27 

Transmitters for OSCAR: 10, 11, 19 

Transmitting range: 22 

Transponder bandwidth: 35, 44 

Transponders, OSCAR: 8,9, 20, 31, 
32, 36, 40 

Transponders, Phase III: 35 

Transverters: 11,19 

Uplink: 9 

Uplink, Phase III: 34 

Les LO) 

Varactor frequency tripler: 18 

Variable crystal oscillator (VXO): 19 

VxXO: 19 

Weight: 33 

Worked All Continents award: 22 

Worked All States award: 23 

WVE Satellite Award: 22 


WI1AW: 8 
WI1AW bulletins: 15,26,28 


W2GFF satellite plotter: 15, 16 
Zero beating: 13 
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The ARRL HAM RADIO OPERATING GUIDE is written by 
active amateurs who are specialists in their respective fields of 
operating. Each chapter contains ‘‘tricks of the trade’’ to make 
each facet of operating interesting and enjoyable. The 10 
chapters in this 128-page book are: 


Getting Started 

Message handling — Fun Witha Purpose 
Contests — a Sure Way to Sharpen Skills 
The Basic Intrigue of DX 

Logging + QSLing = Awards 
Repeaters, All the Ins and Outs 

The Flea-Power Challenge 
Communicating Visually 

VHF/UHF: Searching for New Horizons 
OSCAR, the New Frontier 


Seo aoe eee 
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If you want to find out what is new in operating techniques or 
some new phase of operating, pick up a copy of the Operating 
Guide at your local dealer’s or order direct from ARRL. $4.00 
U.S. and Possessions, $4.50 Elsewhere. 


To order your copy, use this coupon 
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Your ARRL membership will help you 
get right into OSCAR 


It may be the best investment you could ever make 


e You'll get QST every month, covering everything that’s going on in amateur radio — 
the one indispensable ham magazine. 


e You'll have your own personal pipeline to headquarters’ experts on operating, regulatory 


e You can choose to be part of a field organization in whatever ham activity interests you 


e You'll have a voice in the effort that is constantly supporting and advancing amateur radio 
at the national and international levels. 
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ARRL, Newington, CT 06111 

fi Please sign me up right away as a League member. 
Dues are: $12 U.S., $13.50 in Canada and $14.50 else- 

@ where. 
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GET AN OSCARLOCATOR — 
IT’S YOURS FOR THE ASKING 


If you’ve heard that the amateur satellites are pretty easy to track, you’ve heard 
correctly. The question is, how do you figure out where they’Il be on the day you 
want to hear them? 


There are a number of ways, but one of the most popular is with the ARRL 
OSCARLOCATOR. 


A simple device that lets you determine when OSCAR will be within range 
of your location, wherever you may live in the Northern Hemisphere, the 
OSCARLATOR is a snap to use and extremely accurate. Many thousands have 
been sold for a dollar, but yours is free for the asking. Simply fill in the coupon 
below and send it to ARRL Headquarters. 
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I ARRL : 
— 225 Main Street i 
Newington, CT 06111 
f Please send me the plastic 
i overlay and latest orbit sched- 2 
ulefor _OSCAR7 _OSCAR8. y 
Name 
Street : 
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well 


You'll get the plastic overlay show- 
ing the path of the satellite you want 
to listen to, along with the latest 
orbit schedule. The overlay gets 
attached to the adjacent map, as 
shown in the photograph. Complete 


directions begin on page 26 of this 
book. 


Happy Hunting! 
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ARRL 
publications... 


the foundation 


of a 
dynamic hobby 


Open the doors to amateur radio. 


ARRL publications cover the basic fundamentals to the complex phases of this challenging 
hobby. Whether novice or old-time amateur, student or engineer, League publications will help 
you to keep abreast of the times in the ever-expanding field of electronics. 


THE RADIO AMATEUR’S HANDBOOK 

Internationally recognized, universally consulted. The all-purpose volume of 
radio. Packed with information useful to the amateur and professional alike. 
Written in a clear, concise manner. Contains hundreds of photos, diagrams, charts 
and tables. $7.50 


THE RADIO AMATEUR’S VHF MANUAL 

A thorough treatment of vhf. Covers receiving and transmitting principles, 
techniques and construction, antenna and feed system design, uhf and micro- 
waves, test equipment, interference causes and cures. Emphasis throughout is on 
tried and tested equipment and practice. $4.00 


HINTS AND KINKS 


No builder should be without this collection of practical ideas for the workshop 
and station. Gathered together from the “‘Hints and Kinks” column of 
QST. $2.00 


SINGLE SIDEBAND FOR THE RADIO AMATEUR 

A digest of the best articles from QST7. Includes discussions of theory and 
practical how-to-build-it descriptions of equipment. Covers reception and 
transmission. $4.00 


FM AND REPEATERS FOR THE RADIO AMATEUR 

A complete treatment of fm and repeaters. Includes chapters on receivers, 
transmitters, antennas as well as repeater operation. Of great value to the fm buff 
as well as to those just becoming interested in the subject. $4.00 


TUNE IN THE WORLD WITH HAM RADIO 

The complete beginner’s package. Everything needed to obtain a Novice license: 
Theory, rules, how to assemble a station, and operating practices. With one-hour 
code cassette. $7.00 


UNDERSTANDING AMATEUR RADIO 

For the beginner. Explains in simple language the elementary principles of 
electronic and radio circuits. Includes how-to-build-it information on low-cost 
receivers, transmitters and antennas. A ‘“‘must”’ guide for the newcomer. $4.00 


A COURSE IN RADIO FUNDAMENTALS 

Complete text for home study or classroom use. Twenty-six chapters present the 
electrical and electronic principles that are basic to understanding radio circuit 
Operation. $4.00 


ARRL CODE KIT 

Two top-quality cassettes provide practice at 5, 7-1/2, 10 and 13 wpm. 
Step-by-step progression and use of random code characters plus proven 
suggestions and hints in the accompanying instruction book make increasing your 
code proficiency easy! $8.00 


THE ARRL ANTENNA BOOK 

Theoretical explanation and complete instructions for building different types of 
antennas for amateur work. Simple doublets, multielement arrays, mobile types, 
rotaries, long wires, rhombics and others. Transmission lines are exhaustively 
discussed. Profusely illustrated. $5.00 


ARRL ELECTRONICS DATA BOOK 

Includes data on radio frequency circuits, filter design, L, C, and R networks, 
antennas and feed systems. A catalog of solid-state circuits and much more. This 
128-page reference is a useful addition to the amateur’s technical library. $4.00 


THE RADIO AMATEUR’S LICENSE MANUAL 

Study guide and reference book. Points the way toward the coveted amateur 
license. Complete with typical questions and answers to the FCC amateur exams 
for Technician, General, Advanced and Extra Class. $3.00 


SOLID STATE DESIGN FOR THE RADIO AMATEUR 

Takes the mystery out of solid-state theory and design. Provides a wealth of tried 
and proven circuitry. Keeps mathematical treatment at a relatively simple level 
while providing a wealth of practical application data. - $7.00 


ARRL HAM RADIO OPERATING GUIDE 

Written for the amateur who prides himself on good operating procedures. A 
ready reference source and guide to good operating practices. Ideal for the 
amateur who wishes to brush up on operating procedures and who wishes 
information on all facets of amateur operating. $4.00 


LEARNING TO WORK WITH INTEGRATED CIRCUITS 


Discover for yourself the basics of integrated circuits through this reprint of the 
popular learning-by-doing series which originally appeared in QST. $2.00 


SPECIALIZED COMMUNICATIONS TECHNIQUES 
Seven chapters cover the more esoteric forms of amateur radio: ATV, SSTV, 


FAX, RTTY, Satellite Communications, and advanced communication 
techniques. $4.00 


Available from THE AMERICAN RADIO RELAY LEAGUE, NEWINGTON, CT. 06111 


PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. 


